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INTRODUCTION

Extending the seven-day Shuttle Orbiter baseline mission requires

an evaluation of the Environmental Control and Life Support
(ECLS) System in order to determine those changes necessary or
desirable so that the Orbiter payload capability will not be

seriously compromised.

This report defines the ECLSS requirements and subsystem options
for extended duration Orbiter missions. Using ground rules

agreed to by the NASA and reviewed by prime vehicle contractors,
each major ECLS subsystem was examined, and potential methods of

extending * © .ission capability were studied.

The data presented reflects ECLSS actual contractor data as far
as it was possible to obtain. The parametric data prepared by

Hamilton Standard entitled "Thermal Control and Life Support

Subsystems Parametric Data for Space Station" served as the basis

for much of the data contained herein.

The mission evaluated most extensively for this effort was a 30-

day mission with a crew size of seven men. However, missions up

to 90 days duration with crew sizes of three to ten men were also

examined.

¢
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STUDY METHOD

The methodology used in this study is shown in Figure 1. A set
of ground rules were prepared and circulated to NASA/JSC, NASA/
MSFC, Rockwell International, Grumman, and McDonnell Douglas.
Comments were received, and the ground rules were revised and
resubmitted for review. The complete version of the ground rules

actually used are noted in the following report section.

Eight Shuttle Orbiter subsystem functions were evaluated. In
some cases, where no other practical subsystem options were
evident, the subsystem required for the extended Orbiter mission
was defined. If a number of viable subsystem concepts for a par-
ticular function were available, each was evaluated and the
optimum concept selected. 1In the case of the CO,; Removal subsys-
tem, the subsystem selection was dependent on many system level
factors, and so the CO2 Removal subsystem was examined on a
system basis. These system factors indicated that the COj
Removal subsystem selection was dependent on the ECLS system
water balance and whether the fuel cells were merely idled or
scheduled to produce the water required. Other factors that had
to be considered were whether the additional water was stored on
board or reclaimed from waste water. The number of hours of

extra vehicle activity (EVA) was also an influencing factor.

e b = —m e
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Various missions were defined based on data obtain from other
Shuttle, Space Station, and power module studies. The impact of
these missions on each system was evaluated, and the significant
impacts on payload launch and landing weir''t, power, volume, heat
rejection, and cost were determined relative to the baseline
Shuttle seven-day mission. A final CO2 Removal subsystem selec-
tion was postponed at this time pending establishment of acceptable

trade criteria.

The trade criteria must establish the relative importance of
weight, power, volume, heat rejection, cost, and the impact of
significant qualitative considerations. Once the trade criteria
is established, an optimum CO; subsystem selection considering
all of the missions defined can be determined using the data
compiled in this study. The complete ECLS system for ar extended

Orbiter can than be defined.

Table 1 defines the subsystems examined and the level at which

they were studied and evaluated.
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GROUND RULES

The ground rules used for this study are shown on

pages.

SVHSER 7185
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1. Design critical functions to meet fail safe criteria. Fail b

safe is defined as suitable backup systems or redundancy to
provide 20 hours of ECLSS contingency time. A total of 96
hours vehicle contingency time is required for all subsystems.
This criteria will provide a reliability equivalent to the

present Shuttle ECLS system seven-day design.

For in-flight maintenance it is permissible to replace
expendable items, life limited items, and failed items
providing the item to be maintained is accessible, results
in reduced system penalties, and the down time does not

impact system performance significantly.

As a goal, all equipment, w.th the possible except ' on of

expendables, will be installed in the Shuttle Orbiter.

It will be considered permissible to discharge overboard
carbon dioxide, vapors, and trace contaminants during normal
operation. However, the ECLS system shall be capable of
operation under a "no dump" situation for a period of 24

hours.

Interface will be with the eiisting Shuttle Orbiter.
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6. Baseline crew size design point is seven men. Crew size

lo.

11.

12.

range is four to ten men. With 10 men or mission durations
beyond 30 days, an additional habitability volume of 500 ft3

minimum will be made available.

Baseline nominal mission duration design point is 30 days.

Mission duration can then be extended to 60 and 90 days.

COz partial pressure will be maintained below 7.6 mmHg.

Daily average will be maintained at 5.0 mmHg.
Local readouts and warnings will be utilized as it is
assumed that Orbiter computer system has no additional

capacity.

No orientation restrictions will be imposed by the ECLS

system other than that required for on-orbit heat rejection.

Total cost impact is primary consideration. Reentry penal-

ties will be considered more significant than launch penalties.

All subsystems considered shall be capable of certification

for actual flight use by early 1983.
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13‘

14,

15.

16.

All ECLS subsystems will be designed for an oxygen/nitrogen
:nixture of 14.7 psi and have the capability of operation at

8 psi without damage.

The ECLS system provides or controls:
- Oxygen
- Nitrogen
- Potable Water
- Wash Water (Hand Wash, No Shower)
- Temperature and Humidity Control
- Carbon Dioxide
- Trace Contaminants
- Waste Collection and/or Disposal

- Heat Rejection

The ECLS system shall be capable of operation with water
supplied from the fuel cells operating normally or with the
water produced by a fuel cell supplied with gas equivalent

to an idl- fuel cell condition with no useful power output.

Payload experiments or missions requiring such things as no
vehicle dumps, specific vehicle orientations, etc. will be
charged ageinst that particular mission or experiment and
will not be considered as a penalty against the Shuttle

Orbiter ECLS system.
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17. The following data will be used in defining the enhanced

Shuttle ECLS system. Metabolic data is based on a 70°F
cabin and a level of 10,733 Btu/man~day as currently defined

for the Shuttle Orbiter.

10
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W02 = 1.76 lb/man day

WH20 Sweat

@ 65° 2.72 1lb/man day
70° 3.49 lb/man day
75° 4.19 1lb/man day

WC02 = 2.11 lbs/man

WH20 Feces = 0.20 1lb man day
Urine

Water = 3.31 lb/man day
Solids = .13 1lb/man day

Water For Food

Water in Pood = 0.57 lb/man Jday

For Food Prep. = 1.96 lb/man day

Drink = 3.74 lb/man day

Food Prep. and Drink = 5.70 lb/man day

Solids in Food = 1.30 lb/man day

Solids in Feces = .07 lb/man day

Wash H20
Hand/Body Wash = 2.55 lb/man day

Fuel Cell Power

Total On Orbit = 21 KW
Available for Orbiter = 10-14 KW
Available for Experiments = 8.0 KW Max.

(4.7 KW Avg.)

11
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Lbs/Day For No. Men
4 7 10
8.4 14.77 21.1
7.04 12,32 17.6
10.88 19.04 27.2
13.96 24.43 34.9
16.76 29.33 41.9
13.24 23.17 33.1
.52 .91 1.3
2.28 3.99 5.7
7.84 13.72 19.6
14.96 26.18 37.4
22.80 39.90 57.0
5.20 9.10 i3.0
.28 .49 .7
10.2 17.85 25.5

R
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Conversion to AC Efficiency = 76%

Solar Cell Power - LEO

Total On-Orbit 25 KW
Reg. DC-28 V 560 lbs/KW
Reg. AC-400 Hz 120/208 V 650 lbs/KW

Heat Rejection/Sortie Ops

a) Fuel Cell with 8 Panel Rad ~- 110,000 Btu/hr (21 KW)
b) Solar Cells ~ 8 Panel Rad ~~ 89,000 Btu/hr (25 KW)

Orbiter Leakage

Cabin 6 lb/day
Waste Management .25 lb/man day
Air Lock 1 1b/day
Tunnel Adapter 1 1lb/day

12



: . Ca
[y
. . .. )
e e e s e S e . i
d
43
X,

ORI TSN o 7 e o
HAMILTON STANDARD ;o= SVHSER 7185
Mm
RECOMMENDATIONS

As a result of the study

recommendations are made

Subsystem

Trace Contaminant

Control

Oxygen Supply

Nitrogen Supply

effort described herein, the following

and summarized below:

Recommendation

Install expendable adsorption canisters
periodically in LiOH canisters to pro-
vide adequate trace contaminant control

up to a period of 90 days.

Utilize existing fuel cell cryogenic oxygen
supply up to 60 days. Beyond 60 days,

must improve insulation.

Use existing high pressure nitrogen
tanks until nitrogen requirement
approaches 600 pounds (over 60 days).
At this point, use improved cryogenic
oxygen storage tank with improved

insulation.

13
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Subsystem Recommendation

Waste Management

CO2 Removal

Water Supply

Use existing Shuttle Orbiter subsystem
with the addition of a biocide storage
tank to replenish the biocide in the
waste storage tanks for extended missions.
For missions exceeding a total of 210
man-days, an additional commode will be
required for each additional 210 man-day

periond.

Use a regenerable CO2 Removal subsystem
for all missions. (Specific concept to f

be determined.)

Use all fuel cell water available. For
additional water, schedule fuel cz11
operation to make up water deficiency if
possible or supplement with stored water
for missions up to 60 days. Beyond this
period, incorporate the Thermoelectrically
Integrated Memembrane Evaporator Subsystem

(TIMES) Water Reclamation Subsystem.

14
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Subsystem Recommendation

Cabin Temperature

and Humidity Control

Thermal Control

Pressure and

Composition

Use existing Shuttle Orbiter subsystem.

Use existing Shuttle Orbiter subsystems.
Investigate the possibility of using

waste water as a heat sink.,

Use existing Shuttle Orbiter subsystem.
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TRACE CONTAMINANT CONTROL

The Trace Contaminant Control Subsystem removes atmospheric trace
gases from the cabin air to maintain their concentrations at
acceptably low levels. As mission length increases, the quantity
of trace contaminants will gradually accumulate and will reach

unacceptable levels if not controlled.

The subsystem defined below which is capable of controlling trace
contaminants to an acceptable level consists of a removable
sorbent bed and a small fan assembly which can be located in a
convenient place in the Orbiter., If the LiOH cartridges are not
used because an alternate CO2 Removal subsystem is on board, then
a trace contaminant sorbent bed described below can be resized to

fit into the LiOH canister(s).

The analysis for sizing the bed was based upon data contained in
Reference 1 which is a computer model of the Shuttle Orbiter/
Spacelab contaminant control subsystem. The computer model is
based upon contaminant generation rates from equipment installed
in the Spacelab and includes metabolic generation rates. For a
30-day mission a single "adc¢-on" canister containing activated
carbon and CO oxidation catalyst (2% platinum on charcoal) is
recommended. The bed was designed to be changed out every 15

days.

16
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While the computer program was designed to include contaminant
removal by leakage, the condensing heat exchanger (for soluble
contaminants), the LiOH canisters, and an add-on charcoal bed,
the resultant computer design assumed removal in the condensing

heat exchanger and the add-on charcoal bed only.

It was decided to utilize a 15-day cihangeout bed to reduce main-
tenance time and number of expendables required. The bed size
determined by the computer model was resized by increasing the
carbon mass and maintaining the same volumetric flow rate and
utilizing the Skylad contaminant bed L/D ratio. In addition,
since the bed size model considered only contaminants which will
reach their SMAC values in 30 days, it was felt desirable to
review the requirements for longer mission periods. For missions
exceeding 30 days, five additional contaminants shown in Table 2
require cnntrol and additional activated carbon must be provided.
From contaminant generation rates and including a coexistence
factor to account for coadsorption, the saturated zone additicn
required was determined to be 0.5 pounds. As a result, bed was

resized to control the additional contaminants.

The result is a canister containing 16.7 pounds of material,
composed of 16.5 pounds of activated carbon (5.6 pounds of which
is H3PO4 treated), and 0.2 pounds of CO oxidation catalyst (2%

platinum on charcoal). The canister pressure drop will be on the

17
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order of 1.0" w.g. with a fan power of 1.3 watts at a flow rate
of 4.0 CFM. Bed dimensions are 9.9" 0.D. x 12.1" lona. This
bed, changed out every 15 days, will adequately control all trace

contaminants for mission durations of up to 90 days duration.

If a regenerable CO, Removal Subsystem is used in place of the
present LiOH cartridges, the above chemisorbent bed may be

resized to be located in the Shuttle Orbiter LiOH c¢ isters.

In view of the fact that Apollo, Gemini, the 90-day Manned Test,
and Naval submarines do not require airborne bacteria control, it
is recommended that none be included for extended Shuttle. If it
is later found that bacteria filters are required, a filter and

fan can be added.

Reference

1. Development of a Computer Program for Spacelab Contaminant

Control Analysis, LMSC, January, 1977.

18
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OXYGEN SUPPLY

Oxygen in the Extended Duration Orbiter (EDO) is used to power
the fuel cells, to supply metabolic oxygen for cabin leakage
makeup, and as an emergency backup supply. The quantity of
oxygen required for the baseline seven-man, 30-day mission with
the fuel cells in the idle mode is shown in Table 3. As noted in
the table, a minimum of two Shuttle oxygen cryogenic tanks are
required to meet the minimum 30-day oxygen requirement. Fuel
cell idle mode is the lowest fuel cell operation level which can
be maintained without shutting the cells down. For the three
fuel cells on board the Shuttle a total of 1 kw is consumed for
this operation resulting in the production of 654 pounds of water
over a 30 day period. The oxygen required slightly exceeds the
boil-off rate of the cryogenic storage tanks; and boil-off is,

therefore, not a penalty factor.

Additional oxygen is required for launch reentry and emergency,

adequate fuel cell power generation, EVA purposes, or to operate

an Electrochemical Depolarized Concentration (EDC) if used.

The oxygen requirements for a particular mission can be met by:
- Additional Cryogenic Kits or Independent Cryogenic

Oxygen Tanks
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- High Pressure Gas Storage Tanks

- Electrolysis of Water

The above subsystems are described in further detail

following report sections.
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CRYOGENIC OXYGEN STORAGE

Cryogenic oxygen is the method used for storing oxygen on board
the present Shuttle Orbiter. The present subsystem is capable of
supplying oxygen with an acceptable »»il-off rate for a period of
slightly over 60 days. Each tank stores 781 pounds of cxygen ar.’
weighs 1,113 pounds, including mounting structure. ‘Wihe Orbiter
oxygen is normally stored on board in a kit which includes 92
pounds of cryogenic hydrogen. Since this subsystem has a light
weight and small volume and has been designed and certified for
use in the Shuttle, it has a low cost, and as a result, is the
optimum method for storing additional quantities of oxygen

required for Extended Duraticn Orbiter missions.

The quantity of oxygen available for various cyrogenic kit in-
stallations are shown in the figures noted below. The minimal

disposition requirements and quantity left over are also shown.

Mission Primary Number Fuel Cell
Length Power of Kits Operation Figure
7 Fuel Cell 3-4 Normal -2
30 Solar Cell 3 Idle -3
30 Solar Cell 4 Idle -4
60 Solar Cell 4 Idle =5
23
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CRYOGENIC OXYGEN-3 KITS-7 DAY MISSION WITH 7 MEN
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213.3 LBS
ABORT/SURVIVAL

6g
CQ§

581,9 LBS 02
MINIMUM FUEL CELL
IDLE 0y
(3 CELLS TOTAL
OUTPUT OF 1KW)

369.6 LBS METABOLIC
)

1114 LBS 0y
LEFT OVER

FIGURE 3

CRYOGENIC OXYGEN~3 KITS-30 DAY MISSION, 7 MEN
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581.9 LBS 0y
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IDLE (3 CELLS
TOTAL OUTPUT

OF 1KW)

369.6 LBS O,
METABOLIC

FIGURE 4

CRYOGENIC OXYGEN-4 KITS-~30 DAY MISSION WITH 7 MEN
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739.2 LBS
METABOLIC
02

1163.8 LBS
MINIMUM FUEL CELL

IDLE O3

“\ 354.2 LBS

(3 CELLS TOTAL OUTPUT OF 1KW)
EDC O,

FIGURE 5
CRYOGENIC OXYGEN-4 KITS-60 DAY MISSION WITH 7 MEN
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HIGH PRESSURE OXYGEN GAS STORAGE

Currently on board the Shuttle, 65 pounds of oxygen at 3,300 psi
is stored for emergency use. Total tank weight, including

packaging, is 195 pounds.

As the need for oxygen increases for longer missions, the possi-
bility of adding additional high pressure storage tanks versus a

single optimum tank was investigated.
The weight and volume associated with using multiple tanks of the

existing Shuttle size versus a single optimum tank is shown in

Figures 6 and 7. Figure 8 defines the tank assumptions used.
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OXYGEN STORAGE COMPARISON

The total weight of storing gas cryogenically ve.sus that of
storing gas at high pressure was compared and plotted cn Figure
9. As can be noted, utilization of the existing cryogenic
storage tank is much lighter than storing high pressure gas even
in a single tank. As a result of this and the fact that the
cryogenic tankage already exists for the Shuttle, it is concluded
that there is no change to the Orbiter oxygen storage system
required for extended missions up to 6C days as long as oxvgen is
required continuously. Beyond this point the cryogenic tankage

insulation must be improved to reduce boil-off as noted previnusly.
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ELECTROLYSIS

Another method of producing oxygen is by electrolysis of water.
Two subsystems for generating oxygen using electrolysis of water

were considered for use in the Extended Duration Orbiter. These

are:

- Water Vapor Electrolysis (WVE)

- Solid Polymer Electrolysis (SPE)

Both of these subsystems are discussed in the following paragraphs.
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Water Vapor Electrolysis

The Water Vapor Electrolysis Subsystem (WVE) combines oxygen

generation with partial cabin humidity control. The WVE concept

is unique in that water is fed as vapor directly from the cabin ]
atmosphere into the WVE module for conversion to hydrogen and

oxygen. The subsystem is schematically shown in Figure 10.

Cabin air is drawn into the WVE module and through the module
cells by the subsystem fan. Water vapor is absorbed and elec-
trolyzed in the cells, and the product oxygen is returned directly
to the air stream through the subsystem fan and back ir*:z the
cabin. The generated hydrogen is delivered to the CO Reduction
Subsystem. The process flow also cools the WVE module with cabin
air. A subsystem controller regulates current flow into the WVE
module to provide O; partial pressure control. The WVE consumes
62.5% of the latent vapor level in a cabin. Water vapor consump-
tion rate and the hydrogen production rate are a function of the

oxygen produced.

Prior to shutdown or maintenance of the subsystem, a supply of

nitrogen is required to purge hydrogen from the subsystem.
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All heat generated by the subsystem was assumed to be dissipated
as heat to the cabin. This subsystem has no expendable items.
Table 4 defines the subsystem characteristics for the extended

Orbiter baseline condition.
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Solid Polymer Electrolyte (SPE) Electrolysis

The Solid Polymer Electrolyte Subsystem consists of a water-fed
multi-cell electrolysis module and functional components. A

schematic of the subsystein is shown on Figure 11.

Process water is pumped into the unit through a deionizer to the
electrolysis module cells at a controlled maximum temperature of
150°F. The water temperature is maintained by a temperature
regulating valve and a regenerative heat exchanger. Some of the
process water is dissociated into hydrogen and oxygen by elec-
trolysis. The excess water absorbs the module waste heat and is
discharged with the produced hydrogen. Oxygen is delivered to
the cabin directly from the electrolysis cell through redundant
pressure regulators. These oxygen backpress.ire regulators
control the oxygen absolute pressure higher than the hydrogen
absolute pressure. This assures a positive pressure differential
of oxygen greater than the two-phase mixture in the module such
that no water is hydraulically transported to the oxygen side of
the module and eliminates entrained water in the oxygen discharge.
Hydrogen is vented from a phase separator-pump through a differ-
ential pressure regulator and is further regulated at an absolute
pressure by a hydrogen backpressure regulator where it is dis-
charged to the COz Removal and CO, Reduction Subsystems, as

required.
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Power is delivered to the electrolysis module through a power
conditioner in the subsystem controller which acts as a current
regulator for maintaining a selected gas (03) production rate.
The power conditioner which operates at about 92% efficiency
rejects waste heat to a cold plate through which process water,
being delivered to the hydrogen side of the electrolysis module,
is circulated. All power supplied to the controller, phase
separator, and makeup pump were assumed to be dissipated as heat
to the cabin. Heat rejection by the power conditioner has
already been discussed. The heat rejection of a makeup pump has
been included; however, it will operate only about 10% of the

time.

Prior to shutdown or maintenance of the subsystem, a supply of

nitrogen is required to purge hydrogen from the subsystem.

The subsystem requires replacement between missions of a water

inlet filter and an deionizer. Table 5 defines the subsystem

characteristics for the extended Orbiter base condition.
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Electrolysis Subsystem Discussion

The characteristics of the above two electrolysis subsystems were
summarized as noted in Table 6. An examination of this table
shows that the WVE subsystem has the best overall characteristics
of the two for use in the Extended Duration Shuttle Orbiter. It
imposes the least penalty on the vehicle. As a result, the WVE
Subsystem characteristics were used in subsequent ECLS system
evaluations involving the use of electrolysis for oxygen and

hydrogen generation.

43




A DG g 44T et ;>

SVHSER 7185

6°¢t SUON 14 GZ9‘1 TEV'T 9°1T1 00¢

t°S DUON S £€96°‘T LSL’t 8 €T 6C¢
4 (90TX$) so1qepuadxd (sxoqumn) (TH/0349) (s33eM) (g3d) (sqT)

3S0D IYbTITA saoejaajul uotrjoalay aamod aumToA 3JIybtoMm

9TOoTYaA 3esH IYbT1a

SAVd-0f - NIW-L

XIVHANS NOSTYVIWOD VYIVAd WIHLSASENS SISXTOULOIATI

9 JdTHVL

(3AM) sTsATox309Td
x0dep a93eM

(3ds) 23410330973
aswiA1od prros

44

"1



mm%m" SVHSER 7185
m»-
OXYGEN SUPPLY CONCLUSION

A review of the three methods of providing oxygen for the extended
Orbiter mission shows that cryogenic storage of oxygen is the
optimum method. It has the lowest weight, lowest cost (already
developed), and least impact on the vehicle. For mission periods
beyond 60 days, the cryogenic tankage insulation must be improved

to extend its mission capability.

The use of electrolysis for oxygen generation is not competitive
on a subsystem basis due to the high power and heat rejection
involved. It appears that as long as a fuel cell is the princi-
pal power supply, electrolysis will never trade off. However, if
a power module is used, electrolysis might be considered. Tne
possibility of integration with other subsystems on a total
system basis was examined in the System Section of this report

using the Water Vapor Electrolysis Subsystem concept.
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NITROGEN SUPPLY

Nitrogen gas is used in the cabin for cabin atmospheric leakage
makeup and for miscellaneous uses. For the baseline mission, 315
pounds of nitrogen is required. Nitrogen is currently stored in
the Shuttle Orbiter in four high pressure (3,300 psi) tanks, with
each containing 63 pounds of gas. As a result, two additional

tanks will be required for the 30-day mission.

Nitrogen gas can be stored in high pressure tanks (3,37° psia) or
cryogenically. Figures 12 and 13 show the weight -~ volume
respectively of storing gas using the existinc _nuttle tank and
in storing gas in a single new nitrogen tanr Figures 14 and 15
show the weight and volume respectively of storing gas cryogenic-
ally using the existing Orbiter cryogenic oxygen tank or ¢ new
single cryogenic nitrogen tank. With the present oxygen cryogenic
tank the boil-off rate, when charged with nitrogen, is about two
times the usage rate so that much more nitrogen must be stored
cryogenically. For mission periods approaching 60 days (which
will require up to 630 pounds of nitrogen), it appcars advisable
to stay with the existing higih pressure nitrogen tanks. The
volume of a single larger tank of -his capacity might be im-
practical to install in the vehicle and would require large

nonrecurring costs.

46



SVHSER 7185

-~

,H P e At ~
SREPE B a.ur N janes 33 jan s ings
Frtl Seil e R
m & Spanast by 43§ it Sy
: 2 TR 5
T [l “v, -+ " aRas!
o = d3s
= - } th
bmaad ALl <
[ ' o I npaet
z O 351 55
aaalctas: { [ S ru o Sgwps
s 17 g = N =
- Tl 1 ~+ 0 T : tfurt' T
Saas=dnsal cL e sy =] 258 i aoe
= e w._ ' N.J',ﬂl — frre v e
= : == Y T Jagt jaiie &
o o 7 o0 esasfzaons s sghgda S el g wn i g s po
— . ! r - £4a T ESES
0w ouv o ST EAREITIINGD G o o T
o0 §ecdgstase T?.,n:t gus \ Seee piade:
3 3 235! Fres BRBATNY jne gapen
29 fE E &5 i D
(e Eu i b ; 28! ppeadeat
t i e
«” Hi it Y e
—— - e - -
o3 = : A a2 i
o 0 \ jad S, ¥ m B
W . u__.wn : 1233 - VAN seurss: T wr.nmrik : . > pewus
2 §3851 sErzeiniss QR JRe I Egtdd fascd Secadfaue) etels i
o a9 + + b P FA T i -
8 T ; et ous B EER { T
o I 38 " t - B ;I
0o 28
n sEERay: < o nge s =T
) e fapdbe: ¥ o pt ahunss Nas Sl
&£ ; ey o Sis: 2
- 8 B . t- -
S b 34y e anaasis .m.m ﬁ - ..,L e F
e : HHh 83 dnsaas So [ - o 33
© QO T e 1S [ L=
..u\lu %- T *m ¥ T m hh_«l‘ wn m —t g e
i SSidunnns Svnas - . O -+
HH Tt T S } [ f
EEa o t T o ri gl By 3 R Akl
T T T i nd 1 ! (%]

200

Amtv IWNI0A

800

600

400

200

USABLE N, WEIGHT (POUNDS)

Gareous Ny Storage Volume

Figure 12

47



[ T R A T

owape
v
5 335ags Is e yas SECEITRS Son SN EERsET: R 223 Srons sorey ppume on nov s pogg aoags
: T 1 cer ool Lo | DR RO0EE S IR INGNY SWY ———d e [~ SOTAR SNbe
i 3 IEge3sRast coous SN PESRTSCss BT i B Soter Sosss fuses Stsas Sooss SIOE: Sset festasesy
e 5 D v [Ope jR% S0aS 1 PEMMSES P Ons L iaE S O3 20000 snand AEDEE SHS e
- 1.oNLH. s [Sane Soatd Ry sosor 2y ooy Pevey b sgons [Tl Coass SIST0 JE00N soniy Rty FUnEe SoSws
7Y asstsens sace SSURS SoG oy FINEY Sates Sl Fotat Sia 53 Py resad sids Edoes Salvdshetl sbevdoteart cussacs
: S8 foae 1993450004 94 508 vu jusss Pibe P B aoved agdet [0y sdods bbunt $Hi« |S0904 Sodde ohned
© o Tgag swess seges s 5= EraRe sees S sevee srpesarese suoansners sos ps pous
—~ Snatesved o sl 33 A0t i ipotd R iSITils fok j5d E3303 SEETS e
. f_ »Zr# — as ot R e LR S [§500as sf Rt adibs SEURE SRS SOSOR snes SRENE SobY
EosatIes: ot SOCI TNRY 5308 susds sani 0SS Shed P Suos Sluudtnans
Astzeressasensy o FEaEe sevy gadeng, piasdoust soge b Souyy saviedaay ) Spsmsaases Eonty Benes Seooe Reas:
rpper- RS R Sons) vol e fal . IR RS SISO PENIE SRS DS DERY S P
DSOS SN SRS ¥ PGS SHREE poE) M b — s
+ jaaes — PO iy = Ty
ER =i == sdndy t7¥ﬂLr RS TI0S SN I s coge fasas ou 554 poete atses sesasynsed
ot P R PO S B —t e e i FESRS
T =a jo8 omnas sonve
. 2] T s e fpadsaans fass | Ao e S3ass
£ = = INSOS Saans e RSN RSN anes H FESSDRY DN SONPE SOBES ROSRS SHSSY B e
o [Sagy ssaa faske ol Bl ponns Srae 39904 SSvnd Supdt Doudd SSads SRens uan o
5 V. T = T P RONE RO Do pouy
7 aasesey I.wm Ao atnad Soard Ee g A.n‘ 17T nﬁmu HH...Nﬂu jus a6 boule S5 S0S Snedd jot pnagt stobe SEGHE
3 saas paa s i jSog nepnd seath hooas SRS Saats Sree Sege:
+ = ~ ; Jf*.” I ; + ; . [ptdstos SONIt SRote SN SOUNE e oo
H Fr svrd .~ - ———y . b
b T _.v.54wvwr~vt<, + 1_\9 1 + > . + i > = e B i
pun Wn . retet + 1T ' + DESES 08 s
3322807 t55at s izdss 950 gl fpacetsos: foee (a3 SEEN Soesd sodesiaius soass coon: HhTes s,
] .:: I . : o6 Sl onme
AT [ s ghers 2oglll ey posen oot o F peres gy Spuangse st
s 1 i $ 109 u p ¥ _ ] 3 pnsiel Bty be
: 339 = 111 el =< 12 e 1 > ,
= _1:s 0 1 fnassoeed
—rr ¥ a. v e pe PRy " T sngessensy
H B eansg soaas sl Bkaus sased of . -y B Spes [wes peiassanes tantusiots
o - , 1. ﬂUH\T»T e o i PO Sy
= = ! nK B3 $335s Seee S3esetees
196 soue P m.rl BOEES B g wsor Trass SS0EE SUSd
- - SSENE SQUES HRPN . PR P
.441 L + < fs L.‘Fv'.lilLv»Q‘o
- oo g e e e
P s oon T SEsShSAant SRONs Shibny Soute SR
il m p— m E PROSS PEUEN SRETY BOSDE Sisdin SEmy T
P " 2 SUERSSERES Sou IS RPNGS SEBeS Sy SBDLSSEENN
P { + o bt e b
po - 4D 8 SOea  Peans S2adt SEbes ST Eaa as <1ﬁélq pge
S = R % By fposa vumns esis seusy Ateay foute ooty
o .h;r 1 - L e e o Bl T+ v Ji)AvJ,,v.
(o] 13u ; : NS Bnw s ja Pt e l}ﬁ;«.ﬂﬂi 1. —
o s SRS DASNE REINSY buk ot Snd BT Ak ool Sebes
4.?< susas - Bl SeEos ponas S PERES CENSE usEe Sunag P
h- —- + el R B RS = N 'val'tvﬁwavlﬂo
LvHﬂthft‘M e v BaTe] SN2 na a4 Dusnp WS SE SHEEY SROUY DOGE w*i
® =t TS oo SOSPE SRl SSSAT SSpud SEuid SRGe SNl h.l T
@ 15083 Siver Bogit sobug Sty RERas Sue: e U
T 1. “ iy
5 3 T W .Kn S Subewm Jg= $T50% Seass Supns Supge sneve
— D T P -
o ? T : =1 8y " Syusugasay idoueeusss Seaseanins pidus dents
oJ pes; : ; resesassy bunes sseg
! =
@ ; = ST T (Y 250ss seasasast: g Satus cvsaa
S ¢ S e ow Rias FElRy Eu3d honnnonas Iy Mene by snenl ot
ha = T o> : r b e Segos seoas!
b - TN 3 Sudps snomevns s
N = S o e oa aa gy Jasetbeuks snagnuansy
m o Lo S - L Eaeas sadls Ssose
< - ye - jus S Seesvsaaiy
&£ EE 23 2 7 s g ey et e e e
1 o s b
@ ta rrmr.rfl LS w - + : Ll o
o .
R . =3%iseen IS fEant seaagvanes
> : popart e 8sS2a=s feun Nyet o A sgdss Foaka saau
m" : ERata: W : ot Suant Sawte
wmo hog Rl ol by i) anans oh pay soa sy 2g SN By SSpue
o ROV LUy SRS OEENDE Py D)
T m Frrbepr e quihfrvh - - Tfrcm.
stdny i Z; by oigas
vy 1 JagS Nansangy raul e ll*.?w
IUSE D oOUBE 8ai e Tt et rod
T T LM e AE

[ONIOWNOVd + J9¥T1I0 + SN I79vsn + ANYL] (SANNOd) LHHIIM TviOL

HAMILTON STANDARD 3!/ Oven
%m-;

§08

FEEE N
Hal:
Bl
pegal]

1600

o A

"

| remaek MR

R

800

600

Gaseous Np Storage Weight
48

400

USABLE Np WEIGHT (POUNDS)*

Figure 12

200



SVHSER 7185

(g1d) TWAT0A ANYL

g
T : = o o 3523 5233s Tﬂﬂ 8808 23] e T ﬁthLLETv. )5 .Ww.‘l 44
+ jans sfanadanad el e daa: ¥ — . .
1 o a) 1500 < 14 i o o~ apaoaonal | RS
. r T T . T T — Hore
: jmas THER TS iissatanas o IS8 a8t + =
_ R THIT i st -
. Lrgyctd [3gsaagang o b+ — 44— O v J33 7z O
et T > + O - e—r—p— =£
e bt bt b t < — ribere .
- MEDY DRSS Ou i SRR v O c poud & [ =0
e S vy SRS yupaguast Tt . o w.num © +
o il S i ) - @ ot Ol SRV, WY, .}
! i ! s E O - o
it Ny guadsan I = e > —
e o1 0 a8e : n D S O > T L =
T inan pgns [Sukd T — rashn il ol
b I ¢ : L T el el L 1 o wn
: e o £ = HI
1233 3ot fassasys ] ass! T o Hz w e
't fnsgs ! t " N>00 3 .
151 uNG SEnEg e HEE RO R Y y 1+ O~
t1+ S spEp s 19 R YR jgas
jaaes ou T o i 0 T a ¢ Y WO
Fratder I Hit T " =ngl T 1
1 T 1 & T 1 b 2 1 :
sudhlen ‘ 1 T i ) z
h«v + ,r = w 1 ) — 14 It
=t 1 2
$+ + + by - 3
ot jasegfases H ey seanas: T BlaaiSiidip
; - fizdssscsansissin : EHETH i Eie 5
: ; T
i S 28 ARduy im et T s 1 T T "
H 55258! SESEEt sesantase: : RESIETEaE , X i SeSseResss
<+ i »n« + 1 - e aIT‘ u\ i M—P m + “» — 14 +r
" 1904 SHARS T 7 98 s foges e Tttt in an e
¢ T 3 - 1 714.1 It + 1 + + 4t
— I i 3 (R DS 1 1 2 : b
T Tt 18 I : 1 -
s saa: T tr e Sape ans ooy Sniasaann e o =t 1§RE4S2031 B5-7, Faas: pRgtas:
7 t [N PR S + {8 u MY Q } i g ot b =
t g smma; 1 o jarwe g, u B¢ T o— > Jpge puo sl
T g Spat T T 1t T ngegala i T o S s e :
e e e TR HhNhEE 2 s L e
15 SR SRS APNAE S EDHY T IBARS SOURS HTHHNE s £ © ME S Sanhe Durri
T ' HiT o r N s e e X ittt
t + iy fdaea dags: - a NHLUPD vn o e T
o pesnn gl u T g b jdasaa [ \polgd une o © Ipges §889
T
= FREHEE : I} SSEED Z >+ tafuss
o jpaanan g 1 uany [T T
1 > C i
N ot . b + T “1 + o
(1] bt i 1 o i /: T L > 1
—_ [ angaaad: Taaas ol saey 1 1 A W H I ' T
el md " z e e 13 bt fasne
jnusn i1 9 14 4 jmun H +
v e HHT L [38 SREEI Rk Snund pund” {Susniam ag sad i} Fhaas LRSS BETas pESES B
- ] i jas Rpua pas AT ST A3 B IS DO jas v P D
P oo ] §350] nas CRLILE o~ } ! J idabguid intbe &
Y 3 ! oo :
4 SHEEH EEE © £ fahh A R
QO + + e N t+ 1 4 ¢ + ¥
) 3 jussgns - . z i
I~ t s O = . :
LY — iepennesiil ] it 1 z 1
3 S o - oo ; T yud Bl :
o wo i THEH © £ $r Toe 2a
~— o I o | L b m.. m 1
¥ 1 iy ) . "
T e i1 bl e - !
" 7 % g ansdines s Z e e e
L Bbasda e + t - T = 1 : by adi 1 :
[ Q@ pHreH 1 1 11 QB Bt *5 Ing aEs! ] +
o SO : T : i : c 1 it s shn et b
juon s peat T F ] T anpe ¥ t
-] v O ° Pl inu pEpun & L] g iy ot I . O ool P N
- v T [ H AR Pl oo e i TP
< jetnl spuie e 123 Iy §31 lyasy g S —r1+ . 1 4t T lm
b T Tt ! mgsas + mgme e : 15
= * Iy T+ = i b H T T 5o X Ehh " eads s 1t
pasu - ] + t " +] -4
e H-HH in du =+ 1 eSaens nm M = ! T )s
bl Tl bt 1 | jan M 3 T T 3
T 1 4 i
+ T T H as ;m“ ”w “I< o T T ! 1 wm« mrM ims:
i T v 1 i S TrrTt A RS M IR REEI Al ToIT
. 1 13 T I T Sy 1 +
o [}
o wn
—

800

600

400

200

USABLE Np WEIGHT (POUNDS )*

Cryogenic No Storage Volume

Figure 14

49

T



HAMILTON STANDARD %"‘""“"

SVHSER 7185

1600 - H 4‘ s H
Ullage = 10% it £ i
pass 3 P ERH TS nds
wmm r'r ch T ! A28t .
§ g§jas ks ] ciji giEsEasst iRaReRgS! IHECIEREE ]
.;“ i hi I:! .‘.--. .E;g -.ll ll.- §=='j; T 4 s : b —j <
i e
1400 &!_ ii EE!! !éi i =ii-|l lﬁiﬁi s '.L.I“...I-L.‘ RPN sbun 4 1T
S e Eiﬁiiiiﬁ Sl st e el it
I H -ii: !‘u t HHH i]%«"“ nu 0O "‘ w ;f 3:3 H
L e
E&ﬂl 5 .EJ g: E% Eiﬁﬁ?'= o | i $;Wf1L‘4§'
wl fuu T s gabud v ghean [13 X ‘E’Zﬂ‘ 14 FE..}.{H<
5 :;Eﬁiiggi “ﬂ!i‘ i zﬁii 5 el
= jaasst RasisRoat sapadatss” .dasuss R IEESS
B 1200 it .!;!'-z siattifatahany itsdifa) cpteteca s Ht i
§ = T ghsss 183 :L 5 S SRARgAEEIs AR H}jgf Ji.:
H aeas i HHA T H Saits SARRR wa e
2 ki e e
o HTRR D P RS siiiheptade it ;}’:‘ﬁ 1285t
+ . sgatsngastiss - L[“ﬁ;f s225 333 S ESRE RRARARSSHE
w L 1 :ﬂﬁ%f"}é% A b A ol
© TR S5 S ir }%{T ﬂ‘#“&f P
S ]000 :‘:-"- s i i! 1‘1 ’M i'j HT jonps saea % »ﬁl‘klo% L ye t‘.".
7 2 s aaggess, SaTas:
= H : , %ﬁf@rﬁ lew Single Cryogenic fiifi]
N i sEicai S (Rt Ny Tank A
o~ ++H 1t I,JL‘ 1t {41 f‘;' T - T et ;Lk‘u
= Orbiter Cryogemc 0o i oA i ',t*i st it wﬁ}’ HiTH
ud Tank Containing H T jetssnayyseanaseaats agsassc SR
; 2 ] ) L*}L—FE:T :h T L 13 -Pr 19 r%—rr—}-f s ;‘rﬂ«
< 800 HHETh as smavensegssapeses T =gamasny sennpapas ;
2 TR e M LT
wRYees 1 + }H~L pagee: 2 LR R
+ Y ] : jiat i it \L a2l
= siitnsists 2 T «;E{ it i %{ S
iafsasteiie Siip 4 isaganenss g2ad it Bifats selgeat
E? HEEE 80448 gpast j;:i§§§iq};ﬂﬁku hastytet inchil: :§¥“mi
REas TR R T HEH T
g0 s hi seshcites isase A
a ; 1 1 o B SDaREhE hsEr=aels
4 1 :£ + H? 1 {'"‘”Jwﬁﬂpi‘rl; 4 rl 1 Tt 1 L;J u *ﬁ
=z Reasas . nopung of T pasAtses » aRYEEENSYE GESSEEN
§ ]j»bﬁfﬂ- p I 113 1 —;}I%I + L«ﬁ rﬁ:t THTIL "ﬂi‘ » B B 3 %}&P.Lv
Ban 1 H 1T Y14 T e - -
=ges H Igop seyaasanan aanayy = ' jppas =
~ HE A jasiads 398} ieseaes, Ht A L AT
L= e rraRa daats L8158 2ashunaag suke afs SSRERRSISES SusRatRiat sashidns
& 400 Eil Eed e tatie: oot nisiiseal iitgteen sinais
Yt b T 3 13ts e ! H 8 T T Taanatet rj;:}": saes
= B 1; ;,H~J:4 ﬂ P T T H HHEHHH
HE HH HH AT Rilstadia 38 SEpnagdres
= jaistidasi sl ipi $3Heseets! i & s setRetqsts
= T : 25k T i T
2 s e L S R
A i $atselfeasss TR R R
200 Ik it i R e i iiﬂ:~§~Y¥L%%?' H
B L}‘ﬁ T ,:;T 1 ‘;ZF.C&I g8 H 1 jha “4j ‘]hg*<1z T -{ 3
Eessijess: Haai i it isdsanadis teatiatat tpetica s R tARh: dpditiEns
THI T i 9583385 325 00: danasahatt 1asgnatats dhastin stiacades
£ o
el ! i%ﬁ M_-l_[w‘n jasupaze TR E3nsaas sasssss
jiztsiiisfasitiian ettt natssbant i e el *Assumes Usable Gas Weight
! e HE
i RS Exceeds Boil OFF. _ '

o 3

400 600 800 1000
USABLE No WEIGHT (POUNDS)
Figure 15 Cryogenic Np Storage Weight

50



HAMILTON STANDARD %""“""’ SVHSER 7185
m

Beyond 60 days it would be advisable to use the improved insulated
cryogenic oxygen tank to reduce the overall weight and volume
penalty, as it is assumed the reduced boil-off rate would be

close to the nitrogen requirements. At this mission length, the
nitrogen requirements (630 pounds) would approach the capacity of
a single oxygen cryogenic tank (781 pounds) and would be much
lighter than multiple small high pressure tanks. A new cryogenic
tank would be lighter as shown in Figure 14, but again the non-
recurring cost would be high and appears unwarranted unless many

long duration missions exceeding 60 days are planned.
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WASTE MANAGEMENT SUBSYSTEM

The Orbiter Waste Management Subsystem collects and stores
condensate, urine, and wash water in two waste water storage
tanks which contain a predetermined quantity of biocide. The
tanks are sized to hold a total of 320 pounds of waste water.

The subsystem also contains a heated overboard dump nozzle to
permit dumping of the waste water. The subsystem also collects
feces and tissue wipes in a vacuum dry slinger type commode. The

commode is sized to hold 210 man-days of feces and wipes.

The Waste Management Subsystem recommended for use in the Ex-
tended Duration Shuttle Orbiter is identical to that currently
used on board the Shuttle (Flight 6 and subsequent). The only
change is the addition of a biocide tank and associated valving

so that the biocide in the waste tank can be replenished after

the contents are discharged overboard or processed for reclamation.

A schematic of the recommended system is shown in Figure 16,

As the present commode is sized for a 210 man-days of operation
and each waste water tank holds 160 pounds of waste water, dumping
of liguids approximately every four to seven days (depending on
the quantity of relative humidity condensate collected) will be
required. If a waste water reclamation subsystem is utilized,

dumping of waste water will not be required, except in the event
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of a failure of the waste water reclamation subsystem or to b
reduce the vehicle landing weight. To extend the mission range
beyond 210 man-days, an additional commode must be carried for

each 210 man-day increment.
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WATER MANAGEMENT

Water is required on the extended Shuttle Orbiter for four prin-
cipal purposes: food preparation, drink, washing, launch and for
contingency return, and in the flash evaporator for supplemental

heat rejection.

In this discussion and according to the ground rules, the use of
water for an orbit heat rejection was not considered. As a
result, a minimum of 2,063 pounds of water is required to com-
plete the Extended Duration Shuttle Orbiter 30-day mission as
shown in Table 7. This water can be provided by fuel cell water,
stored water, or reclaimed water. Each of these water sources

are discussed in the following paragraphs.
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FUEL CELL WATER

Water is a product of the fuel cells as power is generated.
During solar cell operation, the fuel cells are never completely
shutdown, some water is always available from the fuel cell. The
minimum power generation (defined as the "idle" mode) for all
three fuel cells is 1 kw. This power is used to keep the cells
warm and ready for instant power up condition. For the 30-day
migsion, 654 pounds of water is produced. Any additional fuel
cell operation will directly increase the quantity of water

produced.

Figure 17 defines the quantity of oxygen available when the three
baseline cryogenic kits are launched full. It shows that there
is available 1,114 pounds of oxygen which if used to generate
power will produce all the water required for a 30-day mission;
115.9 pounds of oxygen is left over. To produce this water the
average fuel cell power output would be 2.6 kw, which may not be
useful power. This water can be produced continuously or peri-
odically depending on the power requirement. Operation of the
fuel cell to produce the water required at a rate within the
existing water storage capacity is defined as "scheduled" fuel
cell operation. As the number of cryogenic kits is increased for
more fuel cell power generation, the easier the scheduling of the

fuel cell operation becomes as more water is available.
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In summary, all the water requirements (not including on Orbit
heat fejection which is not required according t» the ground
rules) for the extended Orbiter operation can be met with a
minimum of three cryogenic kits and with scheduled fuel cell
operations, If this cannot be accomplished, then additional

water (stored or reclaimed) will be required.
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STORED WATER

Water requirements for the Extended Duratiun Orbiter can be met
by carrying the additional water required in tanks. The quantity
of water required is dependent on the mission length, crew size,
CO, removal subsystem, fuel cell operation, whether waste water
is reclaimed, etc. As a result, the data presented in this

section is discussed in terms of usable water weight.

In order to keep costs to a minimum, only tanks with metal cellows
currently available in the Shuttle Orbiter were used for water
storage. This results in three candidate designs: the Orbiter
potable water tank, the Spacelab water pump package accumulator,
and the Orbiter water pump package accumulator. Figures 18 and
19 show the r:zlative weights and volumes of these designs.

Figure 18 shows that for usable quantities greater than 1l pounds
of water the Orbiter potable water storage tank is the lightest,
and Figure 19 shows that its volume is the least ¢f the three for
quantities greater than 39 pounds of water. As a result, the 165
pound capacity Orbiter potable water storage tank was used as the

standard storage tank.

Figures 20 and 21 show the total wet tank weight and volume of
the Orbiter potable water storage tank, including a vehicle

packaging factor, which is equal to that of the present Orbiter
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water tank factor. All of the subsequent system trades were
based on using this existing 165 pound capacity Orbiter metal

bellows water storage tank.

Figure 20 also shows that a special new metal bellows tank de-
signed to hold 400 pounds of usable water would be about 110
pounds lighter than using three of the standard Orbiter tanks.
They also show that 1,000 pounds of water in a single large tank
would save 350 pounds. Thus, if a significant amount of stored
water is required, it may prove to be economically wiser to
design,.develop, and qualify a new, larger metal bellows tank
design than to pay for many smaller Orbiter tanks, which would
also weigh more. This assumes that the resultant volume of a
single tank would be acceptable. Figure 21 shows the relative

volume of each approach.

If a new tank design is considered, the possibility of using a
bladder rather than a stainless steel bellows was investigated.
To hold 1,000 pounds of usable stored water, a single bladder
tank subsystem would weigh about 50 pounds less than the single
metal bellows design; but it is considered a less reliable design
which would be life limited and have potential gas permeability

problems.
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POTABLE WATER PROCESSING

Another method of supplying additional water for use in the
Extended Duration Orbiter is to reclaim waste water. Three types
of waste water are generated during the mission; condensate,
urine, and wash water. Condensate can be processed using a
relatively simple multifiltration system. A distillation unit is
required to reclaim urine. Wash water can be reclaimed using
multifiltration, hyperfiltration, reverse osmosis, or distilla-
tion. Regardless of the water being processed, the water quality
must meét the Shuttle potability requirements. Iodine at a con-
centration of 5 ppm is added to the water for bacteria control,
and the water quality is checked with a Water Quality Monitor
Subsystem (WQMS). Since the current WQMS utilizes a relatively
large quantity of expendables and power, three possible 30-day
operating modes were examined to determine optimum operation.
These were: continuous monitoring, 50% monitoring, and 5%

monitoring.

For the continuous monitoring use, the unit uses about 170 watts,
and the expendable chemicals are at a maximum which results in a

total launch weight of about 82 pounds.
For the 50% duty cycle case a Spacelab water pump package accum-

ulator was incorporated which can store 6.5 hours of processed

water. -The WQMS must go through a warm-up and calibration cycle
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each time it is turned on before an accurate reading can be
attained, and it must perform a flush cycle before it can be shut
off again. This takes about four hours per total on-reading-off
cycle. Thus, the unit actually operates four out of every 6.5
hours. If the reading is good, the accumulator is then emptied
to the potable water storage tank, and a cycle is restarted.

This type of intermittent WQM actually operates about 62% of the
time, uses an average power of about 105 watts, and weighs
(including tankage) about 107.7 pounds. Thus, this intermittent
unit is about 25.7 pounds heavier but has an average power

savings of 65 watts when compared to a continuous WQMS.

If the Orbiter tank (165 pound capacity) is used as the accumula-
tor, the WQMS need only be operated once every three days or 40
hours in a 30-day mission. This yields a 5.5% duty cycle and an
average power of 9.4 watts and weighs 111 pounds (including
tankage). The 5.5% duty cycle operation of this subsystem saves
on an average basis 160.6 watts and only weighs 2.9 pounds more
than the 100% duty cycle WQMS. In addition, it saves 95.6 watts
and only weighs 3.3 pounds more than the 62% duty cycle version.
As a result, the 5.5% duty cycle was selected for use in all

subsequent subsystem trade studies.
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Condensate Processing Subsystem

The Potable Water Processing Subsystem for reclaiming condensate
water for the Extended Duration Orbiter consists of a multifil-
tration unit, a Water Quality Monitor Subsystem (WQMS), an iodine

dispenser, and a process water storage holding tank.

The subsystem receives water from the Atmospheric Revitalization
Subsystem (ARS) water separa*or, processes it through the multi-
filtration unit, sterilizes it with 5 ppm of iodine, checks the
water quélity, and stores water until it can be discharged to the
existing Shuttle water supply tanks. If the water quality is not
acceptable, the water is returned to the Shuttle Waste Management
Subsystem. It has been assumed that the process water quality,
which is acceptable for drinking, will be acceptable for use in

the Shuttle flash evaporator.

A subsystem was sized to process all the condensate generated
during each mission considered. The actual condensate quantity
processed is dependent on the CO; Removal subsystem and number of
EVA's which determines the quantity of condensate (if any) re-
moved in the cabin temperature and humidity control condensing

heat exéhanger.
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A process efficiency of greater than 99% was assumed in sizing
the muitifiltration units. It contains a carbon bed and an ion
exchange bed. The subsystem bed was sized to last for a minimum
of 30 days. Expendables will be replaced on the ground during
vehicle turnaround. For missions beyond 30 days the bed will be

replaced every 30 days using in-line disconnects.

A water storage holding tank as described previously was added to
the subsystem to reduce the frequency of water sampling required
and thereby reduce the average power and quantity of expendables
required by the water quality monitor. This tank will also
permit other tests to be conducted on water quality (if desired)
prior to discharging the water to the existing Shuttle water

storage tank.

The typical condensate processing subsystem will weigh 152 pounds
with 111 pounds associated with the water tank, iodine dispenser,
WQMS, and associated valving. The multifiltration cartridge
assembly, including mounting fittings, weighs 41 pounds, of which
30 pounds is carbon and ion exchange material. The quantity of
bed material will vary depending on the amount of water to be

processed.
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Urine and Waste Water Processing Subsystem

The Potable Water Processing Subsystem for reclaiming urine and
waste water for the Extended Duration Orbiter consists of a
distillation unit, a multifiltration unit, a Water Quality
Monitor Subsystem (WQMS), an iodine dispenser, and a process

water storage holding tank as shown in Figure 22.

The subsystem receives water from the existing Shuttle Waste
Water tank, processes it through the distillation unit, steril-
izes it with 5 ppm of iodine, checks the water quality, and
stores water until it can be discharged to the existing Shuttle
water supply tanks. If the water quality is not acceptable, the
water either is returned to the Shuttle waste storage tank for
further processing or dumped to space. It has been assumed that
the process water quality, which is acceptable for drinking, will

be acceptable for use in the Shuttle flash evaporator.

Each subsystem was sized to process all the urine and wash water
generated during the 7-man 30-day design point which is:
Urine - 23.2 lbs/day

Wash water ~ 17.85 lbs/day

A single water processing subsystem to reclaim urine and wash

water rather than two independent systems was selected because

the quantity of wash water is relatively low (50% of total).
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As a result, the growth impact on the distillation unit is less
than that of having two separate subsystems. A comparison of
significant factors of two typical separate subsystems versus a

large distillation unit shows:

1. A weight savings including expendables of at least 400
pounds.

2. A reduction in volume of at least 508%.

3. A power increase of 120 watts. (This is the only
penalty incurred.)

4. A cost reduction of over two million dollars in non-
recurring cost, plus two hundred thousand dollars per
shipset cost and seventy five thousand dollars in

expendables per flight.

A process efficiency of 95% was assumed in sizing the distilla-
tion section. For this discussion, condensate was assumed to be
processed Ly a separate filtration unit as discussed previously.
If the two systems are integrated, the condensate processinc
impact on the potable water processing subsystem is estimated to
be 20% of an independent equivalent condensate subsystem. The
distillation portion of the combined subsystem is not affected by
this change as condensate is added downstream of the distillation

unit.
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All expendables except as noted below were sized to last for a
minimum of 30 days. Expendables will be replaced on the ground

during vehicle turnaround.

A water storage holding tank, as discussed previously, was added
to the subsystem to reduce the frequency of water sampling re-
quired and thercky rcduce the quantity of expendables required by
the water quality monitor. This tank will also permit other
tests to be conducted on water quality (if desired) prior to
discharging the water to the existing Shuttle water storage tank.
In the interest of commonality, a water storage tank identical to
the Shuttle water tanks was used. This tank sire will permit
accumulation of up to four days' worth of processed water which
can also serve to supplement the existing Shuttle water storage

capacity.

Three subsystems were evaluated. These are:

- Vapor Compression Distillation Subsystem - VCD
- Air Evaporation Subsystem
- Thermoelectrically Integrated Membrane Evaporator

Subsystem ~ TJMES

The above subsystems are described in further details in the
following report sections. All the subsystems are designed to
fail safe. If the subsystem does fail, waste water can be stored

or dumped using the existing Shuttle Waste Management System.
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Vapor Compression Distillation (VCD)

Vapor Compression Distiliation is a vacuum distillation process
for reclaiming waste water which utilizes artificial gravity and
intermediate vapor compression which conserves the heat of

condensation.

The Vapor Compression Dis.illation (VCD) Subsystem schematic for

use on the extended Shuttle is shown in Figure 23.

Liquid from the Shuttle Waste Collection Subsystem is fed from
the Shuttle waste storage tank into the VCD recycle tank. The
recycle tank contains a stainless steel bellows and is launched
dry. The contents of the recycle tank is pumped, by one of thiee
parallel pumps, ‘ocaied in a common housing, at a controlled flow
rate into the evaporation stage of the VCD unit where water is
turned to vapor at a low pressure. A purge pump maintains the
proper pressure vacuum within the VCD unit. The vapor leaves the
evaporator through a rotary lobe compressor and enters the con-
denser. Condensation takes place on a wall common with the
evaporator, which allows the latent heat to be exchanged oetween
the condenser and evaporator. The recycled fluid is removed in
an annular sump by a pickup tubz and pumped back to the recycle

tank, completing the recycle loop. Cnnuensed water is pumped
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from the still by the condensate pump. It passes through the
conductivity meter to determine quality and, if acceptable, is
delivered through the multifiltration assembly and an iodine
generator for bacteria and odor control, to the potable water
holding storage tank. A water quality monitor is used to peri-
odically check the acceptability of the output water. 1In the
event the processed water conductivity exceeds the maximum limit,
flow is diverted back to the recycle loop for reprocessing. A
bacteria filter is located in the recycle loop as a bacteria
check valve barrier. This recycle mode is also used to return
processed water to the evaporator for a short period of time for
cleaning the evaporator surface prior to initiating system shut-
down. After this operation, the still is then run until dry

kecfore actual shutdown.

An electronic controller provides the power conditioning, switch-

ing sequencing, and control functions for the subsystem.

When the v-ste water concentration reaches a solid concentration
of 50% (95% removal efficiency), the contants of the recycle tank
is dumped into the Shuttle commode. All expendable items are
designed to last a minimum of 30 days so no in-flight mainten-
ance, other than dumping the recycle tank, is required. Table 8
defines the subsystem characteristics for the extended Orbiter

baseline condition.
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Air Evaporation

Air evaporation is an ambient pressure distillation process for
reclaiming waste water. It utilizes a carrier gas in a closed
cycle to evaporate water from wicks saturated with waste water

and carries it to a condenser and a fan/separator for reccvery.

The Air Evaporation Subsystem schematic for use on the extended

Shuttle is shown in Figure 24.

Liquid from the Shuttle Waste Collection Subsystem is fed directly
from the Shuttle waste storage tank at a controlled rate into the
wick evaporator. In the evaporator the waste water is evapor.ted
into a closed carrier air loop which becomes nearly saturated
with water vapor. The air passes over redundant liquid sensors
which check for free liquid carry-over. If carry-over is detec-
ted, the flow of waste water mete~-ed into th2 evaporator wicks is
reduced. The nearly saturated air stream then enters a conden-
siné heat exchanger where the temperature is reduced, and the
condensed water is separated from the carrier air in a combina-
tion fan/separator. The fan/separator also provides the driving
forces for the recirculation carrier air and the pumping power to
move the condensed water through the multifiltration portion of

the subsystem.
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Carrier air leaving the fan/separator passes through a liquid
sensor to an electric heater which heats it before it re-enters
the evaporator. The water condensate from the fan/separator is
continuously removed and pumped through redundant relief/check
valves, which prevent gas entrapment and backflow into the
fan/separator, past a conductivity sensor through the multifil-
tration assembly and an iodine generator for bacteria and odor
control to the potable water storage tank. A water quality
monitor is used to periodically check the acceptability of the
output water. If the conductivity sensor indicates unsatisfac-
tory water, the water :'low is automaticallly diverted through a

bacteria check valve back to the evaporator.

The air evaporation units were sized for wick replacement inter-

vals of three days in line with previous test units.

Table 9 defines the subsystem characteristics for the extended

Orbiter baseline condition.
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Thermoelectrically Integrated Membrane Evaporator

The Thermoelectricall, Integrated Membrane Evaporator Subsystem
(TIMES) is a passive vaporization-condensation process for re-
claiming waste water using Hollow Fiber Membranes for phase
separation and a thermoelectric heat pump to achieve latent heat
recovery. This subsystem is a refined version of the Vapor
Diffusion Reclamation (VDR) system which utilizes an improved
membrane and a thermoelectric heat pump to enhance its overall

performance and life.

The TIMES schematic for use in the extended Shuttle is shown in

Figure 25.

Liquid from the Shuttle Waste Collection Subsystem is fed from
the Shuttle waste storage tank in the TIMES recycle tank. The
contents of the recycle tank are pumped through a hecat exchanger
on the hot side of a heat pump, through a hollow fiber membrane
module, and back to the recycle tank. Water is produced by
rermeation through the hollow fiber membrane walls ana is con-
densed in a heat exchanger on the cold side of the heat pump.
Condensate is pumped out of the condenser, through a multifil-
tration assembly and an iodine generator for bacteria and odor
control, to the potable water hold storage tank. A water quality
monitor is used to periodically check the acceptability of the

water.,
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When the waste water concentration reaches a solid concentration
of 50% (95% removal efficiency minimum), the contents of the
recycle tank are dumped to the Shuttle commode. All expendable
items are designed to last a minimum of 30 days so no in-flight
maintenance, other than dumping the recycle tank, is required.
Table 10 defines the subsystem characteristics for the extended

Orbiter baseline condition.
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Urine and Wash Water Processing Subsystem Discussion

The characteristics of the above uriite and wash water reclamation
subsystems were summarized as noted in Table 1l. An examination
of this table shows that the TIMES has the best overall combina-
tion of characteristics for use on the Extended Duration Shuttle
Orbiter. It has the lowest volume and cost, least number of
vehicle interfaces, a reasonably low weight and power, and re-
quires no in-flight maintenance. Its development status is
considered as advanced as the other candidate subsystems as it
represents a second generation subsystem which makes use of two
state-of-the-art technology items (hollow fiber membrane and
thermoelectrics) to enhance the performance of the developed
vapor diffusion reclamation subsystem. As a result, the TIMES
subsystem was selected as the representative waste water recla-

mation subsystem to be used in subsequent system analvses.

The cost for each subsystem in TabJl'. 11 is defined -- _ne - . of
the nonrecurring cost for design, development, and cecr : avien,
plus the cost for one shipset of hardware, plus the sp .. -r and
expendables required to complete 42 30-day missions. The spares'
cost are estimated to be equivalent to the cost of one shipset of
hardware based on the data used in the Hamilton Standard report
"Thermal Control and Life Support Subsystem Parametric Data for
Space Station." This report defined the spares required for
every 120 days as equivalent to 10% of the recurring costs. The
number of 30-day missions was established by the NASA/JSC.
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WATER MANAGEMENT CONCLUSION

As long as the fuel cells are used as the principal source of
power for the Extended Duration Orbiter or fuel cell operation
can be scheduled, sufficient water will be generated such that
the use of waste water reclamation or large stored quantities of

water will not be required.

Additional water, however, will be required when any one of the
conditions noted on Takle 12 exists. Whether the additional
water is provided by a stored water suppiy or from reclamat.on of
all or part of the waste water available must be determined on a
system basis which considers mission profiles, weight, power,

volume, heat rejection, and cost penalties.

As a matter of interest, the curves of Figures 26 and 27 show
that storage of H, and O; cryogenically and then combining them
in the fuel cell to obtain water is heavier and occupies more
volume than storage of liquid water in metal bellows tanks.

Thesza figures exclude the equivalent pover benefits of the cryo-
genic storage approach which must be considered when making a
final system selection. However, it should be not«:d that a iuel
cell must be operated at a minimum of 2 kw in orcder to optain any
useful power. Further operation of the fuel cells has a greater
heat rejection requirement by the radiators for each unit of

us2ful power due to the inefficiencies of the fuel cells.
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CARBON DIOXIDE REMOVAL

Eight candidate CO; Removal concepts were considered and evalu-
ated for the principal purpose of controlling the cabin carbon
dioxide (CO3) to an average partial pressure of 5.00 mmHg. These
concepts control the CO; partial pressure in a number of differ-
ent ways and in many cases provide additional functions which
affect the ECLS system performance. Table 13 lists the concepts
considered, provides a brief description of them, and the functions

they perform.

All of these concepts, except for the HS-C RH design, are used
with the existing Shuttle Orbiter condensing heat exchanger for
Relative Humidity Control. The existing Shuttle LiOH CO; central
package is used as a fail safe backup to all the CO, subsystems
listed in Table 13 in the event that a failure occurs. The LiOH
package is also used in place of all of the concepts during

prelaunch, launch, assent, and descent mission phases.
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LITHIUM HYDROXIDE

A Lithium Hydroxide Subsystem (LiOH) is currently used in the
Orbiter and Spacelab for carbon dioxide removal. Carbon dioxide
is removed by absorption in expendable LiOH cartridges. The

subsystem schematic is shown in Figure 28.

Process air passes through two parallel canisters. Each Orbiter
canister holds one replaceable LiOH (five pounds of LiOH) car-
tridge which.weighs 6.4 pounds. Air flow through the cartridge

is supplied by the cabin fans.

The LiOH cartridges are sized for a scheduled replacement inter-
val of 5.5 hours. After the first period of operation one of the
cartridges is removed and a new cartridge installed. The next
period the remaining previous period cartridge is removed and
replaced. This alternating cartridge replacement procedure is
followed for each period. With this procedure, 95% LiOH utiliza-
tion can be achieved and an average cabin PCOj level of 5 mmHg
maintained. A total of 131 cartridges are required for the
seven-man, 30-day mission, plus 18 cartridges for a 96 hour

rescue contingency.

Table 14 defines the subsystem characteristics for the Extended

Orbiter 30-day mission.
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SOLID AMINE - (HS-C)/RELATIVE HUMIDITY CONTROL

The Solid Amine Relative Humidity Control Subsystem contains two
beds, each of which aternately absorbs carbon dioxide and water
from the process cabin atmosphere and desorbs these gases to

space vacuum. Complete cabin carbon dioxide partial pressure
control and relative humidity control is provided. As a result,
the latent heat load on the Shuttle cabin relative humidity
control condensing heat exchanger is eliminated, and the fan
separator can be shut down. This subsystem is shown schematically

in Figure 29.

Cabih process air : s the subsystem through a debris trap,
which protects the c.wnstream items, into and through the ab-
sorbing bed canister. The air flow then mixes with humidity
control bypass flow, travels through the subsystem fan, and is
exhausted to the cabin temperature heat exchanger. While one bed
is absorbing, the second bed is desorbed to space vacuum. An
ullage compressor is used to conserve the cabin atmosphere re-

maining in the on-stream bed prior to exposure to space vacuum.

Table 15 defines the subsystem characteristics for the Extended

Duration Orbiter 30-day mission.
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SOLID AMINE - (HS-C)/LOW DUMP

The Solid Amine Reduced Removal Subsystem absorbs carbon dioxide
and water in a single bed from the cabin atmosr™ere and desorbs
it to space vacuum. Complete cabin carbon dioxide partial pres-
sure control and partial relative humidity control is provided.
As a result, the latent heat load on the Shuttle cabin relative
humidity control condensing heat exchanger is less than the HS-C

RH Subsystem. This subsystem is shown schematically in Figure

30,

Process inlet air is drawn directly downstream of the relative
humidity control subsystem through the absorbing bed canister.
The air flow travels through the subsysvem fan and is returned to
the cabin ventilation system. While one bed is absorbing, t'.e
second bed is desorbed to space vacuum. An ullage compressor is
used to conserve the cabin atmosphere remaining in the on-strean

bed prior to exposure to space vacuum.

Table 16 defines the subsystem characteristics fcr the Extended

Duration Orbiter 30-day mission.

101




R s T

%L

.

HAMILTON STANDARD %""“"“ SVHSER 7185
m»
{
e - — El [ LFS
|
T -—-*} HS~-C
T
FROM VENTILATION
ABIN TEMPERATURE DUCT
AND HUMIDITY
CONTROL A
HEAT EXCHANGER
CONTROLLER
ﬁT’ TO
: OVERBOARD
VENT
CABIN AIR . TO CABIN
P ULLAGE
PUMP
FIGURE 30

HS-C LOW DUMP

102



s 9 A AT

SVHSER 7185

HUUI“J!I!!HIUIDIJHDiﬁ%“”m“

C0O-2 _Removal

SUBSYSTEM

~ Low Dump

_(HS-C)

Solid Amine

CONCEPT:

*3utod MBp UIqed 4,08 IV (Z)
‘uotjexado azes [TIe3 I0J sobpTIijaed HOTIT Inojy sapnl url (1)

: SLNIWIWOD

(Aeq/q1I) poIsa0Oad I93eM

(Z) (Kea/q7I) ssoOT a3a3em

(Aea/q1) padumg ITV UTqR]

S90eJI93UI JO IBqUNN

(xzH/n39) uoT3ioalay 3ecH

¥/N
¥/N v/N (Aea/qT) x93eM £8°6
/N /N (Xeq/q1) usboapiy 70
v/N ¥/N (Aeq/q1) uabix0 b
paxtnbay pojraausy 69~
001 Z°sT ove
0oL’z - - -
.0 - - -
0 -- Y/N ¥/N
ove 00T Z2°ST ove
Tg0T * 3) (s33en) (e3d) “(an
3s0D Jamog 2uMTOA Jubrom
SAVA 0€ - NAW L

$SNOILVHIQISNOD dIDIHIAA

sTe3o0l

350D HUTIANDOSIUON
sa1qepusdxgy Atddnsasyg
saTqepuadxzy IyYbITI
(T) 37U PaTTE3SUI

‘HIALSXASANS

TABLL 16

103




R TR ’ ” Ve T
moe . - . - M<
]‘T'w‘
!
HAMILTON STANDARD i oees SVHSER 7185
RliBoooms .
MOLECULAR SIEVE DUMP N

The Molecular Sieve Dump Subsystem contains two canisters, each
of which alternately adsorb water and CO; from the process cabin
air and desorb these gases to space vacuum. The Molecular Sieve

Dump Subsystem is shown schematically in Figure 31.

The subsystem is configured such that water and CO; removal are
accomplished in a single absorbing canister which is divided into
two sections. The front part contains a bed of 10 angstrom
molecular sieve for water removal, and the second part contains a
bed of 5 angstrom molecular sieve for CO, removal. The 10
angstrom material dries the process gas to a low water content to
minimize water poisoning of the 5 angstron COj removal bed. Beds
are sized to g6 30 days without regeneration. After every f. . ght
the beds must be reconditioned on the ground utilizing the inter-
nal bed heaters and appropriate ground support equipment. For
missions up to 60 days, no in-flight regeneration is required.
For longer mission times, regeneration must be accomplished in

flight.
Process air, from downstream of the Cabin Temperature and Humidity

Control Subsystem, flows through the adsorbing molecular sieve

bed and the subsystem fan and exits back to the cabin. While one
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1 .
bed is adsorbing, the second bed is desorbing to space vacuum.

An ullage compressor is used to conserve the cabin atmosphere re-

maining ir. the on-stream bed prior to exposure to space vacuum.

Table 17 defines the subsystem characteristics for the Extended

Duration O:biter 30-day mission.
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MOLECULAR SIEVE - WATER SAVE

The Molecular Sieve ~ Water Save Subsystem is a four-bed cyclical
adsorption system consisting of two silica gel desiccant beds and
two molecular sieve CO3 removal beds. The Molecular Sieve - COj

Concentrator Subsystem is shown in Figure 32,

The desiccant beds contain an integral heat exchanger to permit
cooling the beds during the adsorption phase and heating the beds
electrically during the desorption phase. During operation of
the subsystem, cabin process gas is drawn by a fan through the
adsorbing silica gel bed. The silica gel dries the process gas
to a low water content to eliminate water poisoning of the molec-
ular sieve beds. Leaving the desiccant bed, gas passes through
the adsorbing molecular sieve bed where the CO2 is removed. On
leaving the adsorbing molecular sieve bed, the process gas passes
the desorbing silica gel bed which is heated electrically. As it
flows through this bed, the dry gas removes the water adsorbed
during the previous adsorption phase of the cycle returning it to

the cabin.

While one molecular sieve bed is adsorbing CO,, the second bed is
desorbed by exposure to space vacuum., The molecular sieve beds
are sized for regeneration every 30 days on the ground utilizing

internal bed heaters and appropriate ground equipment. For
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missions up to 60 days, no in-flight regeneration is required.
For longer missions, regeneration must be accomplished in-flight.
An ullage compressor is used to conserve the cabin atmosphere

remaining in the on-stream bed prior to exposure to space vacuum.

Table 18 defines the subsystem characteristics for the Extended

Duration Orbiter 30-day mission.
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ELECTROCHEMICAL DEPOLARIZED CONCENTRATOR (EDC) DUMP

The Electrochemical Depolarized Concentrator Dump Subsystem
utilizes a fuel cell reaction between hydrogen and oxygen for
removal or concentration of carbon dioxide from cabin air.
Although designed primarily as a carbon dioxide concentrator to
be used in conjunction with a Sabatier reactor and a Water Vapor
Electrolysis (WVE) unit, the concentrator can be used to remove
carbon dioxide directly by venting carbon dioxide and hydrogen
directly overboard through a suitable back pressure valve.
Complete cabin carbon dioxide partial pressure control is pro-

vided. This subsystem is shown schematically in Figure 33.

Process inlet air is drawn directly downstream of the Cabin
Temperature and Relative Humidity Control Subsystem through the
EDC module and back to the cabin ventilation system by a circu-
lating fan. The same fan is used to cool the EDC module.
Hydrogen from the electrical power supply cryogenic supply or
from an independent supply is fed into the unit at a controlled
flow rate. A subsystem controller regulates the power flowing

into the EDC which controls the CO2 removal rate.

Water formed in the module is released to the cabin air stream.

Electrical energy generated by the fuel cell type reaction is

dissipated in an electric heater located in the EDC module system

process air stream.
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A supply of nitrogen gas is required for purging the subsystem at T

start-up and shutdown.

Table 19 defines the subsystem characteristics for the Extended

Duration Orbiter 30-day mission.
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EDC WITH SABATIER REACTOR

The Electrochemical Depolarized Concentrator with Sabatier
Reactor Subsystem utilizes an identical EDC unit to that des-
cribed for the CO2 dump system, except instead of dumping CO2 and
hydrogen to space vacuum, these gases are delivered to a Sabatier
Reactor. Inside the reactor the CO2 and H2 mixture is passed
over a catalyst where the gases are converted to methane and
water. The methane and any excess hydrogen is discharged to
space vacuum, and the water after condensing and minor clean-up

is available for drinking or subsequent electrolysis.

This Sabatier Reactor subsystem is shown schematically in Figure
34, The schematic for the EDC is shown in Figure 33. Table 20
defines the complete subsystem characteristics for the Extended

Duration Orbiter 30-day mission.

116




T T Tt 1 e et
"
o

Bt -3

SVHSER 7185

b M L e MY

!
. , i
, ! : WILSASHNS DNISSADONd FLVSNAANOD OL
I o FE—O o
1
N .
: ! 3 AV

b L)
{
b gy
m TOdINOD | NTEYD OL
dIV NIFVD b
. »
! . WALSASENS
m TYAOWTH
_ l too oad
T SM WOdd
- o T JOLOVIY oo | M
INIA mulq qln XH HIILVEVS “¥dVHO
QUVOTIIAO !

i

WSS G %‘
-
[+

i

OB SN, P W e

FIGURE 34
SABATIER REACTOR
117



SVHSER 7185

CO2 Removal

se anr

SUBSYSTEM:

it B

l

DR e e TR T P

e
3 .
A

m—

" rngy

EDC With Sabatier Reactor

PT:

‘"
0

CONCLI

dumag oCH pue ‘ZH ‘200 ‘VHD,

: SINTWNOD!
/N (Red/q1) poxaAcsay 193°M
¥/N (Aeq/q71) ssoT ao3ex

€g°L  «(&ea/q1) padumg ITY UTq=D

S@0vII93 Ul JO IJIaqunN

€6E’E (IH/03g) uoTjzoalsy jesy

$SNOILVYIAISNOD JATDIHIA

9°06¢ sTel0g

—-— 350D BurxanoaIuoN

- saTgqepuadxy Atddnsayg

¥/N voovl (Aea/q1) xo3epy
19°1 Y¥/N (Aea/q1) usboapin
06°S ¥/N (KRea/qa) usb&xo
paxtnbay pa3exausas
68¢ g°o0z
T ou%'9 - -
.0 - ——
0 - ¥/N
(1} 24 68¢ (¥4
(¢0T X 3) {(s33eM) (¢33)
3s0D Ismod SuUMTOA
SAYQ 0¢ - NaW

¥Y/N saTqepusadxd IYSTTJI
9°0g¢ ITUN pPaTIe3Isur
(qT1) *WILSXSEAS
3ybrom

20

'
[

TADILT

118



RAp—

HAMILYON STANDARD %M" SVHSER 7185
m'v

EDC WITH WVE AND SABATIER REACTOR

The Electrochemical Depolarized Concentrator integ;ated with a
Water Vapor Electrolysis unit and used in combination with a
Sabatier Reactor is essentially identical to the individual sub-
systems described earlier. The hydrogen and oxygen generated by
the WVE is supplied directly to the EDC so no external hydrogen
source or oxygen from the cabin is required. Metabolic oxygen
and oxygen leakage makeup is also supplied by the WVE portion of
the subsystem. The Sabatier Reactor reduces carbon dioxide to

methane and water as discussed previously.

This EDC/WVE portion of the subsystem is shown schematically in
Figure 35. The Sabatier Reactor subsystem is shown schematically
in Figure 34. Table 21 defines the complete subsystem character-

istics for the Extended Duration Orbiter 30-day mission.
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CO2 REMOVAL SUBSYSTEM DISCUSSION

The eight candidate CO2 Removal Subsystem characteristics are
summarized in Figure 36 for the 7-man, 30-day mission. As can be
noted, all regenerable concepts are lighter and have less volume
than the existing LiOH subsystem for all missions considered.
All but two, the EDC with Sabatier and EDC/WVE with Sabatier,
have a lower total cost over the projected mission period (42
missions). The cost for each subsystem is defined as the sum of
the nonrecurring cost for design, development and certification,
plus the cost for one shipset of hardware, plus the expendables
and spares required to complete 42 30-day missions. The spares
cost is estimated to be equivalent to the cost of one shipset of
hardware over the life of the program. The number of missions

was established by the NASA/JSC.

Since each carbon dioxide subsystem discussed previously affects
the cabin temperature, oxygen supply requirements, water con-
densate supply, etc. in a different manner, it is necessary to
evaluate the candidate on a total ECLS system basis. This was

done and is discussed in the "System" section of this report.
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TEMPERATURE AND HUMIDITY CONTROL

An analysis of the existing Shuttle Orbiter cabin temperature and
humidity control subsystem shows that it is adequate without any
changes to handle the system modifications proposed for an extended

mission if one of the following CO2 Removal subsystems are used:

- LiOH: No change.

- EDC: Cabin temperature dew point will rise 2°F.

- Solid Amine (Either Type): Provides increased heat

rejectiorn cupacity.

- Molecular Sieve (Low Dump): Provides increased heat

rejection capacity.
If a Sabatier reactor or an electrolysis unit is used with the

EDC subsystem, the cabin temperature will rise as shown in Figure

36 in the CO2 Removal section.
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PRESSURE AND COMPOSITION CONTROL

A review of the existing Shuttle Orbiter pressure and composition
control shows that it is completely adequate for long duration
missions. No changes appear to be required for other than a

subsystem utilizing an electrolysis subsystem.
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SYSTEM DISCUSSION B 3

As discussed in the previous report sections, the selection of a
Carbon Dioxide Removal Subsystem and the decision to utilize a
Waste Water Reclamation Subsystem are ECLS system related dis-

cussions.

Figure 37 defines for each of the leading CO2 removal and water
reclamation candidates the possible interactions on a ECLS system

basis.

Figure 38 defines the number of mission possibilities that were
examined primarily with a 7-man crew for 7, 30, 60, and 90 day
missions. A 3-man, one-day mission was also examined. The
missions studied are noted in Table 22. The impact on those

systems of 10 men will be discussed later.

In order to assist in compiling the data for the 219 mission
combinations examined, an Extended Shuttle ECLSS Impact Summary

Data Sheet was generated. A copy is shown in Figure 39.

Data from the subsystem data sheets define possible ECLS systems
for use in the Extended Duration Orbiter. With this evaluation
method, various fuel cell operational modes and the effect of
different CO; Removal/Reduction Subsystems (with and without
water receovery) on the system water balance is immediately

apparent.
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Cryogenic oxygen storage is shown on the data sheets for illus-
trative purposes only. Cryogenic oxygen is always required for
EDO missions to meet fuel cell idle and ascent/descent require-
ments as a minimum. Insofar as the cryogenic kit weights are
actually part of the electrical power system, kit weights are not
included in ECLSS system weights. Fuel cell generated water at
the rate of 21.8 lbs/day as the result of cryogenic O3 usage (at
the minimum fuel cell idle condition of 1 kw) has been included

in the water balance.

Eight CO2 Removal Subsystems have been considered for EDO missions
which are: LiOH, HS-C Relative Humidity Control, HS~C Low Dump,
EDC Dump, EDC/WVE with Sabatier Reactor, EDC with Sabatier
Reactor, Molecular Sieve Dump, and Molecular Sieve Water Save.

The effect of each candidate CO; Removal Subsystem on the overall
water balance is indicated under the heading "CO; Removal/Reduc-
tion," with subsystems either generating water or dumping water.
Sabatier Reactor contributions to the water balance are indicated

in this block.

Under the heading Water Reclamation," waste water is divided
into two categories; one for urine/wash processing, and one for
condensate processing due to the differing levels of processing
required. For this trade study the TIMES process for urine/wash
recovery was selected with multifiltration processing for conden-

sate water. A 95% water recovery efficiency was assumed for
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urine/wash processing, and a recovery efficiency of essentially
100% was assumed for condensate filtration. Note that these
blocks are only filled in if the water recovered is used to
augment ECLSS requirements. This factor affects systems in which
condensate is produced, but subsequently dumped, such that zeros

appear in the condenser block even though condensate is produced.

Factors affecting the amount of condensate produced include the
level of EVA and the presence or absence of a WVE electrolysis
unit. Each 12 HR/DAY EVA consumes 1l.55 pounds of water vapor
which reduces condenser load and contamination accordingly. The
WVE also reduces latent load at the rate of 20.5 lbs/day corres-

ponding to metabolic and EDC 02 requirements.

In addition to the 1.55 pounds of water vapor collected in the
PLSS per 12 HR/DAY EVA, an additional loaded quantity of 14.4
pounds of liquid water is required for sublimator cooling. This
water requirement is the final adjustment to the water balance
prior to determination of an excess or shortage of water. Cabin
condensate quality is reduced by 1.55 pounds for every 12 hours

of EVA.

The system summary on the lower section of the impact summary
sheet shows the component subsystem weights, powers, volumes, and
heat rejection rates. These are summed horizontally to give the

total system weight.
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Weight and power adjustments are made to subsystem power require-
ments to reflect a cabin fan power reduction made possible through
removal of the LiOH canisters. From the cabin fan power curve
this reduction was estimated to be 11 WDC fcr all non LiOH sub-
systems, and thus this power credit was subtracted from the power
reported on the applicable subsystem data sheets. 1In addition,
the HS-C relative humidity control CO; removal subsystem allows
shutdown of the cabin condenser water separator saving an addi-
tional 25 WDC of power. This reduction was applied in arriving

at the subsystem power for HS-C relative humidity control.

All figures given are relative to the baseline 7-day 4-man
Orbiter. First, CO, subsystems are given weight credit for LiOH
off-loading. This includes the off-loading of 4 men/7 days of
LiOH. Also, LiOH contingency off-loading is also subtracted (for
non LiOH systems) to reflect a 20-hour LiOH contingency versus
the 96-hour contingency required for an all LiOH CO2 Removal

Subsystem.

In the fuel-cell-scheduled system evalutions sufficient cryogenic
fuel is aboard to meet all vehicle water demands. An appropriate
fuel cell operating schedule at greater than idle is assumed.

For these cases (30-days and 60-days), subsystems which utilize
cryogenic 02 are penalized for the 02 used under the rationale

that this would otherwise be available for power production.
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This penalty is applied to EDC CO2 removal and EDC/Sabatier
Reactor COj7 removal. Similarly, the EDC/WVE produces sufficient
02 to meet metabolic and EDC requirements without draining the
cryogenic 03 stores. The EDC/WVE is actually given a weight
credit for O3 production since cryogenic oxygen is not used for
metabolic or leakage makeup. Note again that these penalties and
credits have only been applied to the fuel cell scheduled system
evaluations, and a comment on such system sheets has been inclu-

ded to flag these cases.

In cases where the water balance indicates a shortage of water,

the necessary additional water is assumed to be brought along in
multiples of the standard Shuttle/Orbiter water tanks. The total
water plus tankage required is listed on the summary sheet under

additional water required.

Total launch weight is determined as the sum of the subsystem
weights, plus stored water and tankage weights. This launch
weight is a delta baseline launch weight, referenced to the 4-man

7-day Orbiter baseline.

Reentry weight is a delta baseline reentry weight for the ECLS
equipment referenced to the 4-man 7-day Orbiter baseline mission.
In view of the fact that the baseline mission includes LiOH CO2
removal, non LiOH systems dumping CO, to space vacuum result in

delta return weights lower then baseline mission weights in many
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cases due to this COj dumping (versus CO3) storage for the base-
line mission. Any stored water taken up is assumed to be used or
dumped prior to return in the reentry weight determinations with

empty tanks returning.

Data sheets are supplied in Appendix A for all the missions
listed in Table 22. All data compiled is based on a delta impact
when compared to the baseline Shuttle Orbiter mission of 4 men
for 7 days. This data reference point is illustrated in Figure

40 for the delta launch and delta reentry weight.

The delta mission effect of launch weight, landing weight,
volume, power, and heat rejection for typical missions are shown
in Tables 23 through 27. Examination of these tables and appli-
cation of appropriate penalties will determine the optimum COj
removal subsystem and also determine when waste water reclamation
trades off against carrying stored water. Each system must be
further evaluated in regard to such factors as numbers of vehicle
interfaces, GSE required, safety, radiator impact, etc. Again,
it must be emphasized that these numbers reflect only ECS delta

weights.,

135




il .
THAGNETY o st ¢ s

SHNVL OX4D - IOWINVI + OCH #0€f - -I9W ILSYM -
(1T1Ind) "IOW JLSYM - SMNVL + ZN - ALITIAYIIEGVH ¢ -
o RLITIGVLIAVH ¢ - SHUNYL + ORYD - MO ¢ -
= MI¥D ¢ - vAd dANITISYE - aood -
&5 :IANTIONI LON SHOA :ganTONI LON S3od
w
m IHOIIM A4INITY Y IHOTAM HORONVT Y
(XONIONILNOD S¥H 02)
HOT'T aW ¢
,”m HOTT
.—Ar/ T aGW by
-] 7
(<) muw | N AYQ ¢
1 N NVW b
ANTTISVE
(+) Mdy ﬂ IHOTAM "
TYAOWIE 0D
o
anWna o%H HOIT N\ -
dNY dwnd ¢0d 3
) IHOIAM —
] NOIIYWYIDId OCH
dawna ofH
3 QIUOLS ~—= f amemz MNY
m oCH azdoLs agsn
W,v \ 0X¥D
LIaTdD oad

OXY¥D dAM

LHOTAM XMINITY ¥ ANV HONNVT V¢

Windsor Locks, Connecticut 06006

. &

FIGURE 40 - A LAUNCH AND A REENTRY WEIGHT

136

- p—— fp——

s
T
# Bgyes



HAMILTON STANDARD %m_

Windsor Locks, Connecticut 06006

TABIE 23
DELTA LAUNCH WEIGHT SUMMARY .

30 Days - 7 Men 60
Fuel Cell Idle Fuel Cell Scheduled Fuel Cell Id.
CO» Subsystem OMHEVA 12 MHEVA 24 MUEVA OMHEVA 12 MEEVA 24 MHEVA OMH EVA 12 MF
LiOH 2791.3  3531.3 4210.3 990.7 990.7 990.7
g HS-C RH Control 1899.9  2639.9 3319.9 99.9 99.9 99.9
EE-*- HS-C Low Dump 1938.6  2678.6 3363.6 138.6 138.6 138.6
< EDC 1859.1 2589.1 3279.1 236.2 236.2 236.2
3% EDC/WVE Sab 1809.7  2L89,7 3239,7 -167.0  -167.0 -167.0
S5 EDC With Sab 1604,7  2284.7 3034.7 351.8 351,8 351.8
B Mol Sieve Low Dump 1889.1  2629.1 3309.1 89.1 89.1 89.1
Mol Sieve Water Save  1894,0 263L,0 3314,0 94,0 94.0 94,0
LiOH 1412,9 2201,8 3000.8 2745.8 L32°
- HS-C RH Control 1899.9 2639.9 3319.9 3699.9 517¢
11S-C Low Dump 1350.8 21k9,7 2948.7 2u25,.5 14025
v, 2> EDC 451,3  1250.2 2039,7 . 76.0 230
& § 2 EDC/MVE Sab 1466.9  22h0.8  3029.8 Not Applicable 2416.6 396
% 5° EDC With Sab 326.9  1015.8 180L.6 3b1.6 171,
S B Mol Sieve Low Dump 1451,3  2230.2 3039.2 2676.0  L23
Mol Sieve Water Save 861,2 1615,0 2374.1 1490.9 299
Li0H 1287.0  1285.9  1284.9 2380.0 23T,
. HS-C RH Control 3544 96L . L 16L44 .4 385.1 160
Ea HS-C Low Dump 43k.3 L433,2 1172.2 479.7 Ly
B EDC 35L4.8 353.7 352,7 : 400.2 3%
§§ EDC/WVE Seb 675.4  67h.3  1213.3 Not Applicable 720.8 71
23 EDC With Sab 470.4 469.3 468.3 515.8 51
<8 Mol Sieve Tow Dump 384.8 L28,7 1182,7 430.2 51,
Mol Sieve Water Save 389.7 388.6 607.6 435.1 L3:
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TABLE 23
'DELTA LAUNCH WEIGHT SUMMARY SHEET
90 Days- 1 Day-
60 Days - 7 Men 7 Men 7 Days - 7 Men 3 Men
1eduled Fuel Cell Idle Fuel Cell Scheduled Fuel Cell Fuel Cell Scheduled Fu;;l(éell
Idle
A 24 MHEVA OMHEVA 12 MIEVA OMHEVA 12 MEEVA OMIEVA OMIEVA 12 MHEVA 24 MHEVA O MH EVA
| -102.6
990.7 2038.9 2038.9 1914 191.4 191.4 102.
9.9 99.9 99.9 99.9 99.9 99,2 82.6
138.6 138.,6 138.6 138.6 138.6 138.
236.2 413.3 413.3 59,1 59.1 59-%
‘16700 '713.7 -713-7 379-8 37908 37908
351.8 528.9 528.9 174.8 17h,8 17k, L
89.1 89.1 89.1 89.1 89.1 89.1 71.
9k.o 9k.0 9k.0 ak,0 94,0 94.0

27h45,8 4323,9
3699.9  5179.9
2425.5 4023.6
716.0  230k4,1 . Applicable
ble oL16.6 29647 Not Applicable Not App
341.6 1719.7
2676.0 bos3k,1
1490.9  2999,0

2380.0  2378.1 3466,1
385.1  1605.1 410,2
33907 L77.8 517_6
0.2 399.3 438.1 licable
ble 720.8 7169 Not Applicable 728.7 Not App
515.8 513.9 553.7
h30.2 518.3 468.1
h35'1 h33-2 u73-0
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COo Subsystem

LiOH

HS-C RH Control
HS-C Low Dump
EDC/MVE Sab

EDC With Sab

Mol Sieve Low Dump
Mol Sieve Water Save

LiOH

HS-C RH Control

H3-C Low Dump

EDC

EDC/WVE Sab

EDC With Sab

Mol Sieve Low Dump
Mol Sieve Water Save

LiOH

HS-C RH Control
HS-C Low Dump

EDC

EDC/WVE Sab

EDC With Sab

Mol Sieve Low Dump
Mol Sieve Water Save

Yllowans

o

30 Days - 7 Men
Fuel Cell Scheduled Fu

Fuel Cell TIdle

P

., oty L s e B e 5 e oA Lp o # sk " T T T )
L N RS R T e ?ﬁﬂﬁﬁﬁ?ﬁ%ﬁ%ﬁgggfvfqﬂﬁ%?fJ?M?"
D T i £ N A ’ Ty - - . BRI . ) . FECI

TABLE"

4

DELTA RE-ENTRY WEIG ',

4
%
B

OMH EVA 12 MH EVA 24 MU EVA O MH EVA 12 MH EVA 24 MH EVA O MH <

1836.1
359.5
398.2
503.3
298.3
48,7
353.6

1380.5
359.5
248.4

-160.0
920.2

-135.,0
227.1

53.7

1409.3
-107.5
-27.6
-107.1
213.5
8.5
-77.1
=72.2

2135,1
667.5
706.2
751.3
546.3
656.7
661.6

1690.9
567.5
568.8
163.4

1694,1
163.0
589.3
329,0

1408.2
161.1
-28.7

-108.2
212.4

7.k
-43,1
-73.3

[eoLLIVT FRA..4

2391.1
9l1.5
954,2

1069.4
86L4.3
9oL, 7
909.6

2011.4
915.5
889.3
473.9

oL83,1
473.5
919,.8
609.6

1407.2
409.1
266.3

-109.2
436.1

6.4
232.4
12,2

1113.3
-362.0
-323.3
-628.9
-110.1
-372.8
-368.,0

Not Applicable

Not Applicable

1113.3
-362.0
-323.3
-628.9
-110.1
-372.8
-368.0

1113.3
-362.0
-323.3
-628.9
-110.1
-372.8
-368.0

268?
63.

-48 -
4s
-56."
3
-1C~

26L -
-51.
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-5C
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24
3
. 97 SUMMARY SHEET
90 Days- 1 Day-
60 Days = 7 Men 7 Men 7 Days -~ 7 Men 2 Men
el Cell Idle Fuel Cell Scheduled Fuel Cell Fuel Cell Scheduled Fuel Cell
Idle Idle
FVA 12 MHEVA O MH EVA 12 MU EVA O MH EVA O MH EVA 12 MH EVA 24 MH EVA O MH EVA
2302.3 2302.3 205.5 205.5 205.5 «119.4
-805.1 -805.1 -22.3 -22.3 -22.3 57.6
-766.4 -766.4 16.4 16,4 16.4
-1618,7 -1618.7 230.6 230.6 230.6
-376.1 -376.1 1725.1 135.1 135,1
-815,9  -815.9 -33.1 -33.1 -33,1 46.2
-811.1 -811.1 -28.3 -28.3 -28.3
0.3 3301.4
7.9 1253.9
9.5 880.6 /
é:g léﬁ?:g Not Applicable Not Applicable
3.4 33.0
6.0 971.1
5.3 L4s5.8
3.3 26hl.b 3870.L
9.9 17.3 -937.9
g.g ~L27.2 -830.5
. =505.7 Not Applicabl -910.0 Not Applicabl
) o 1861 ot Applicable 589 L ot Applicable
9.2 ~391.1 -794 4
8.5 -406.5 -680.0
9.9  -L71.8 -875.1

2.
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TABLE 25

DCLTA VOLUME SUMMARY SHEL

30 Days - 7 Men 60
Fuel Cell Idle Fuel Cell Scheduled Fuel Cell Id.
CO» Subsystem OMH EVA 12 MH EVA 24 MH VA O MH KVA 212 MH EVA 24 MO EVA O MH{ EVA 12 M
LiOH 98.4 199.4 133.L Lg. L4 Lo L Lo,k
HS-C RH Control 51,4 72.4 B6.4 2.4 2.4 2.4
EDC 45,5 67.5 81.5 -2.5 -2.5 -2.5
EDC/WVE Sab 56.3 70.3 91.3 14,3 14,3 14.3
EDC With Sab 50.0 6L4.0 85.0 8.0 8.0 8.0
Mol Sieve Low Dump 52.6 73.0 87.6 3.6 3.6 3.6
Mol Sieve Water Save 52,5 73.5 87.5 3.5 3.5 3.5
LiOH 71.9 02,7 113.4 136.5 17
HS=-C Control 51.4 724 86.4 100.4 1l
HS-C Low Dump bh,s5 65.3 86.0 73.8 11
EDC 20,0 41.8 61.5 . 28.3 7
EDC/WVE Sab 57.8 78.6 99.3 Not Applicable 87.1 12
EDZ With Sab 23.5 4.3 67.0 2L.8 6
Mol Sieve Tow Dump 54,1 4.9 95.6 0.4 13
Mol Sieve Water Save 40.0 53.8 74,5 90.0 13
LiOH 75.9 75.7 75,4 138.3 13
HS-C RH Control 22.9 43.9 57.9 27.7 6
HS-C Low Dump 27.5 27.3 48,0 33.6 7
EDC 24,0 23.8 23.5 . 30.1 2
EDC/WVE Sab 450.8 40.56 54,3 Not Appliceble 16.9 4
EDC With Sab 3L.5 4.3 34,0 40.6 L
Mol Sieve Low Dump 30.1 36.9 64.6 36.2 4
Mol Sieve Water Save 30.0 29,8 43,5 36.1 :
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TABLE 25

JLUME._SUMMARY SHEET

Fuel Tell Idle

e ea g PEECROW ’.,?5;'”’* ik - e

b,

e s k- P L S B e L R f o
SVHSER 7185
90 Nays- 1 Day-
60 Days - 7 Men 7 Men 7 lays - 7 Men 3 Men
Fuel Cell Scheduled Fuel Cell Fuel Cell Scheduled Fuel Cell
Tdle Idle
A OMIUVA 12 MHEVA O MH FVA 12 MILEVA O MIEVA O M VA 12 MI EVA 24 MH EVA O MH EVA
5.7 105.7 6.l 6.4 6.4 -5.2
2.4 2.h 2.4 2.l 2.4 6.3
1.0 1.0 1.0 1.0 1,0
-2.5 ~2.5 -2.5 -2.5 -2.5
14,3 14.3 14,3 1k4.3 k4,3
8.0 8.0 8.0 8.0 8.0
3.6 3.6 3.6 3.6 3.6 7.5
3.5 3.5 3.5 3.5 3.5

136.5
100.4
73.8
28.3
87.1
2.3
0.4
90,0

138.3
27.7
33.6
30.1
L6.9
40.6
36.2
36.1

178.2
12,4
115.5

70,0
128.8

€6.5
132.1
131.7

138.0
62.7
75.0
29,3
L6.7
40,3
42.9
35.8

e, S,

[
(@4

Not Applicable

~N O~ oW

Not Applicable

rr\nww.»\'s
OO - WO

—
=

S OATIMT s dns. = ndTe

-

Not Applicable

Not Applicaeble
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TABLE 26

DELTA POWER SUMMARY SHEE.

30 liays - 7 Men 60 |
Fuel Cell Idle Fuel Cell S ‘heduled Fuel Cell Idl

CO> Subsystem O MIEVA 12 MH EVA 24 MU EVA O M{ EVA 12 MHEVA 24 MH FVA O MH FVA 12 MH'
LiOH 0 0 0 0 0 0
HS-C RH Control 117 117 117 117 117 17y
HS-C Low Tump 8a 89 89 39 89 39
EDC Dump 330 336 336 336 336 336
EDC/WVE Sab 2373 2378 2378 2378 2378 2378
ELC With Sab 378 378 378 378 378 378
Mol Sieve Low Dump 63 A3 63 63 63 63
Mol Sieve Water Save 575 575 575 575 57 . 575
Liod 24 24 2l 2k 2!
11S-C RH Control 117 117 117 117 11"
HS-C Low Dump 113 113 113 113 11°
EDC Dump 360 360 360 Not Applicable 360 36C
EDC/WVE Sab 2L02 2u02 2402 2102 2Loe
DT Witk Sab Lo2 Lo2 Lo2 Loz Loz
Mol Sieve Low Dump R7 R7 K7 w7 3
Mol Sieve Water Save 599 599 599 599 59
LioH 315 315 315 315 31,
11S-C RH Control L17 417 L17 L17 L1r
HS-C Low ~ump Lok Lok Lok Lok Lo
EDC Dump 651 A51 651 Not Applicable 651 65
EDC/WVE Sab 2693 2693 2693 2693 2697
FDC With Sab A93 €93 £a3 ~93 69",
Mol Sieve Low Durp 278 278 378 378 37¢
Mol Sieve Water Save ~A0 90 890 890 89C

{  FOLDOUT FRAN{
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TABLE 26 SVHSER 7185

MH EVA O MH EVA 12 MH EVA O MH EVA 12 MH EVA O Mil EVA

TLTA POWER SUMMARY SHEET

60 Days - 7 Men
Fuel Cell Idle

Fuel Cell Scheduled Fuel Cell

-0
117
89
336
378
378
63
575

ol
117
113
360

2402
Lo2

87

599

315
L17
Lok
651
2693
693
378
890

24
117
113
360

2uc2
Lo2

37

599

315
417
Loh
651
2693
693
378
890

0 0
117 117
89 89
336 336
2378 2378
378 378
63 63
575 575

Not Applicable

Kot Applicable

90 Days- 1 Day-
7 Men 7 Days - 7 Men 3 Men
Fuel Cell Scheduled Fuel Cell
Idle Idle
O MHEVA 12 MHEVA 24 MH EVA O MH EVA
Q 0 0 0
117 117 117 117
39 89 89
336 336 336
2378 2378 2378
378 378 378
63 63 63 63
575 575 575

Not Applicable

315

417

Lok

651 Not Applicable
2693

893

378

890
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P

Fuel Cell Idle

P e

3C Days - 7 Men
Fuel Cell Scheduled

TABIE 27

DELTA HEAT REJECTION SUMMARY SE

60 D

Fuel Cell Idle

CO» Subsystem OMHEVA 12MHEVA 24 MUEEVA OMHEVA 12 MEEVA 24 MUEVA O MH{ EVA 12 MH
LiOH 761 761 761 761 761 761
HS~C RH Control -619 -619 -619 -619 -619 -619
HS~C Low Dump -106 -106 -106 -106 -106 ~106
EDC 2741 27h1 2741 2741 2741 2741
EDC/WVE Sab Lh62 LLh62 4462 Lh62 Ly62 LL62
EDC With Sab 33L4 3344 3344 3344 334k 3344
Mol Sieve Low Dump -309 -309 -309 -309 ~3C9 -309
Mol Sieve Water Save 1507 1507 1507 1507 1507 1507 :
LiOH 8L2 8L2 842 842 8h2
HS-C RH Control -619 -619 -619 -619 -619
HS~C Low Dump -25 -25 -25 -25 ~25
EDC/WVE Sab 4543 4543 Lsh3 L5k3 Lsh3
EDC With Sab 3L2hL 342l 3L2k 3424 342,
Mol Sieve Low D mp -228 -228 -228 -228 -22¢
Mol Sieve Water Save 1588 1588 1588 1588 1588.
LiOH 1843 1843 1843 1843 184~
HS-C RH Control 402 Lo2 Lo2 402 Mo
HS-C Low Dump 266 366 966 966 966
EDC 3613 33813 3813 ; 3813 381
EDC/WVE Sab 553 553k 553k Not Applicable 5534 553L
EDC With Sab 4416 4416 4416 4416 Lh1€
Mol Sieve Low Dump 763 763 763 763 767
Mol Sieve Water Save 2579 2579 2579 2579

FOLDOUT FRAM
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_ HEAT REJECTION SUMMARY SHEET

TABIE 27

da

60 Days - 7 Men
Fuel Cel? Idle

Fuel Cell Scheduled Fuel Cell

90 Days~
7 Men

Idle

7 Days - 7 Men

Fuel Cell Scheduled

OMHEVA 12 MH EVA 24 MH EVA O MH EVA

SVHSER 7185

Fuel Cell

B v s ihea g ., 52 norg
el : Y ¥ YPS ‘;r .y N "" %&W&;w”?ﬁﬁ%‘ywﬁ»m,.

noe welld

1 Day-
3 Men

Idle

‘MH{ FVA OMHEVA 12 MEEVA OMHEVA ]2 MHEVA O MH EVA

. 761
. =619
- =106
2741
Llis2

33LY
=309
+ 1507

842
-619

-25
2802
4543
3424
-228
1588

1843
4o2
966

3813

5534

L416
763

2579

842
-619

-25
2822
4543
342L
-228
1588

1843
Lo2

3813
5534
L4416

763
2579

761
-619
-106
2741
Lh62
334k
-309
1507

761
-619
-106
2741
Lu62
3344
-309
1507

Not Applicable

Not Applicable

1843
Lo2
966

3813

5534

L4216
763

2579

761
-619
-106
2741
LL462
334k
-309
1507

761
-619
-106
2741
LL62
3344
-309
1507

761
-619
-106
2741
LL62
3344
-309
1507

Not Applicable

Not Applicable
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IMPACT OF 10 MEN

The impact of a l10-man crew was investigated, and it was con-
cluded that it was very unlikely that a ECLS system would be
designed around this size crew for Extended Duration Orbiter
missions. Instead, the ability of the 7-man ECLS system to

handle a crew size of 10 men was investigated.

For 10-man operation the CO, Removal Subsystem must handle an
additional CO2 load of 6.33 lbs/day. If the CO; removal rates
were to remain constant at a 7-man rate, emergency conditions of
15 mmHg PCO3 will be reached in approximately 26 hours. This is
shown in Figure 41. 1In actuality, this fime will be slightly
longer for the HS-C Solid Amine and Molecular Sieve Subsystems
due to the increase in sorption capacity with increasing COj
partial pressures. EDC CO2 removal is affected very little by
increases in PCO» above 5 mmHg; and, therefore, its emergency

limitation will be very close to the 26 hours.

For extended operation (longer than 26 hours) at a l0-man rate,

process modifications are required to keep the CO; partial pres-

sure within limits. For HS-C Solid Amine, COz control to 5 mmHg,

and complete relative humidity control may be maintained by
changing the bed cycle time from 20/20 to 10/10 (minutes adsorb/
minutes desorb). No detectable changes in cabin PCO2 or dew

point will be noted at the 10-man rate with this change.
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Unlike HS-C Solid Amine, the Molecular Sieve CO2 Removal Subsystem
will ﬁot maintain CO2 partial pressures without changing air flow
in addition to cycle time. This would require an oversized fan

or an additional fan capable of providing the l10-man process air
flow. This fan(s) would be required to provide a 43% increase in
air flow for the 10-man case. This size fan was not included in

this study.

The EDC CO, Removal Subsystem will be capable of maintaining COj
partial pressures by increasing the current density. The trans-
fer index will decrease, however, but COp partial pressures will

be maintained.

COy partial pressures may be maintained at 5 mmHg for the LiOH
subsystems by charging out the LiOH cartridges at 3.2 hour

intervals versus 5.5 hours for the 7-man case.

It should be noted that it is possible to operate the LiOH system
in conjunction with the Regenerative CO3 Subsystem without re-
quiring any process modifications for a l0-man crew retreation

assuming an ample supply of LiOH cartridges are available.
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VEHICLE CONSIDERATIONS

Three factors that involve the present Shuttle Orbiter to operate
on extended duration missions were investigated and are discussed

in the following paragraphs. These are:

- Impact on existing Shuttle equipment

- New subsystem locations

- Spares and redundancy requirements
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IMPACT ON EXISTING SHUTTLE EQUIPMENT
The present Shuttle Orbiter ECLS system was reviewed as to its
capability to accomplish a 30-~day mission. These comments are

noted in the following paragraphs for each major subsystem.

Freon Cooling Loop

No changes are required as the subsystem is already designed for
fail operational/fail safe. Both coolant loops normally operate
and non~static devices are all redundant. If there is a failure
in both pumps, for example, or a leak in one loop, then a single

loop degraded mode of operation is the fail safe condition.

Atmospheric Revitalization Subsystem (ARS)

1) Requires one spare CO, PP sensor (located on the cabin fan
package). This sensor has three captive fasteners and has
no special shimming requirements.

2) The present ARS configuration is fail safe.

3) 1f the HS-C RH control system is used for CO; removal, then
the fan separator is not used, and only one fan separator is
required for the fail safe requirement.

4) Cabin fans are redundant and, therefore, fail safe.

5) The debris trap for the cabin fan needs to be cleanable in
flight or replaceable in flight. The present Orbiter debris

trap is cleanable, assuming that a properly design vacuum

146

o PR oo ke "

e st ol s B e it il s+ 88

e T e e | R | RS et




HAMILTON STANDARD %W‘* SVHSER 7185
S Roo0ms

6)

cleaner is available. The debris trap is not in flight
replaceable at this time. It is recommended that it be
redesigned for long term missions.

A Regenerable COj Removal system should be incorporated as
discussed in this report. 1If a LiOH CO2 Removal Subsystem
is used, more LiOH cartridges are required for longer dura-
tion missions, and space must be alotted for the cartridges

required.

Waste Management Subsystem

1)

2)

3)

4)

The commode is sized for 210 man days. Additional commodes
will be required for 60 and 90 day missions. For fail safe
a four day supply of fecal storage bags are required. The
used bag volume will fit in a failed commode.

Waste storage tanks are defined as static devices and,
therefore, are fail operational/fail safe already by defini-
tion. Waste water may be dumped overboard at regular inter-
vals so the tank size will not change for long duration
missions unless the dump cycle has to change for some reason.
A biocide injection device must be added since the baseline
method of placing biocide in the waste storage tanks prior
to launch does not work for longer missions which will
require dumping of waste water during the missicn.

If a waste water recovery system is used which produces a
concentrated waste liquid, provisions for dumping this

liquid into the commode is required.
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Avionics Cooling

Non-static devices are redundant. If, for example, both fans in
one avionics loop fails, there is sufficient overlap with the
other two avionics loops to cool critical components. Therefore,

the avionics systems are already fail operational/fail safe.

Potable Water Tanks

Tanks may have to increase in number based on system considera~-
tions, but since they are static devices, the tanks are already
considered fail operational/fail safe. Additional tankage wil.
have to be located below the payload bay. The addition of

heaters to these tanks must be considered.

Nitrogen and Oxygen Supply

More tanks will be required for longer missions. Also, each tank
should have its own valving rather than the present system which

has one valve for two tanks.

Cabin Pressurization

Redundant 14.7 psi and 8.0 psi regulators already exist in the
cabin and provide fail operational/fail safe for botnh 03 and Nj.
The upstream 100 psi 02 regulators are redundant and if both fail
closed, 0 may be fed through the emergency breathing system or
airlock to the cabin. Therefore, this part of the system is
actually fail operational/fail safe. The nitrogen 200 psi regu-
lators are redundant, and if both loops fail, then cryogenic or

auxiliary oxygen can be used to fail safe.
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Wash Water
More soap and more towels will be required. No changes to the
waste storage tank will be required as long as water can be

dumped overboard.

IMU Cooling

The cooling loop in this system is now supposed to be run open
loop. 1If this is the case, a cleanable or replaceable filter

should be provided near the inlet from the cabin.

Water Coolant Loop

Two redundant loops are installed with one operating. The pri-
mary loop has redundant non-static devices. 1If, for example,
both primary pumps fail, then the secondary loop can be used to

fail safe.

Trace Contaminant Control

The only trace contaminant control system now in the Orbiter is
the charcoal in the LiOH cartridges. For longer missions a trace
contaminant control system will have to be added as discussed :in

this study.

Nitrogen Gas Storage

Two additional gaseous storage tanks are required together with

appropriate valving.
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NEW SUBSYSTEM LOCATIONS

Many changes to the baseline Shuttle Orbiter ECLSS have been
discussed as desirable for Extended Duration Orbiter missions. A
limited investigation as to where this equipment might be located

was conducted as follows:

Trace Contaminant Control

Install charcoal beds in LiOH canister during on-orbit operation
if a regenerable CO; removal subsystem is selected. Otherwise,

install unit in cabin air ventilation duct or on cabin wall.

Waste Management

Add biocide tank adjacent to existing waste water tanks.

CO2 Removal

Install subsystem under floor next to waste storage tanks in
present LiOH storage area. Vacuum duct locations will require

additional study.

Waste Water Processing

Install subsystem uader cabin floor. This location hés not been

examined thoroughly and will require additional study.
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Nitrogen Gas Tanks

Install tanks urder payload floor.

Water Tanks

Two additional potable water tanks, if required, can be installed
under the cabin flow. Additional tanks would have to be in-
stalled under the payload floor area with appropriate studie:
conducted to determine the need of providing heat to keep tanks
from freezing. Operation of the fuel cells to produce water

could trade off better and will require further study.
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SPARES AND REDUNDANCY COMMENTS

The baseline Orbiter ECLSS provides, as a minimum, a fail safe
backup. This backup provides fo:r the launch/re-entry phases as
well as a safe return, should a failure or emergency arise. Many
of the new subsystems being considered for the extended missions
are not able to function during the launch and recovery phaces
since they need a vacuum source or cannot operate in a high
multidirectional "g" field, thus the backup for these phases wil®
still be required even if spares or redundancy is added to the

subsystem.

For this study, redundancy and in-flight spares for new subsys-
tems have been assumed to be zero. This very closely approxi-
mates the real 7 to 30 day missions but may be optimistic for the
60 and 90 day trade-offs. However, as the trade-off between
subsystems will be made on a certain selected mission length, the
redundancy affect will have about the same sma'll percentage
affect on each canidate's weight and its volume. Each subsystem
penalty will increase only a slight amount when in-flight spares
are considered, and thus the relative subsystem-to-subsystem
trade affect will be small. In-flight expendables have been
included in the various missicn length values as they are neces-

sary to complete a given migs.on.
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APPENDIX A

EXTENDED SHUTTLE ECLSS IMPACT SUMMARY DATA SHEETS
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WAMILION STANDARD ¢

—

GAS SEPARATOR WI'TH VENT

% HYDROGEN CONTROLLER

| PN —

URINAL

DISPENSER

@ CAPPED SEPTUM

.
_A
X

OR

K-

TEMPERATURE SENSOR

PRESSURE SENSOR

SENSOR
WITH
FILTER MANUAL
SCRAPPER
PUME

| . ELECTRICAL HEATER

b AIR/LIQUID HEAT EXCHANGER

QUICK DISCONNECT WITH CAP

_:Q FLOW METER

@~ COMPONENT INSTALLED WITH A
PROBE FOR MAINTENANCE

-—8 COMPONENT INSTALLED WITH
DISCONNECTS FOR MAINTENANCE

ORIGINAL g g
POOR QuALITY

CONSTANT
FLOW VALVE — —
OR

ACCUMULATOR

MANUAL VALVE
(SHOWN NORMALLY
OPEN)

k=i

BELLOWS TYPE TAWK

ELECTRICAL VALVE
_@:wxm MANUAL

OVERRIDE _

(SHOWN NORMALLY

CLOSED)

3~-WAY MANUAL
VALVE

l—DIAPHRAGM TYPE TANK

4-WAY ELECTRICAL
VALVE
—NL—ORIFICE

3-WAY ELECTRICAL
VALVE
3-WAY ELECTRICAL
VALVE
(WITH MANUAL
OVERRIDE)
—-@-—z-wu ELECTRICAL
VALVE
@ CHECK VALVE

CHECK VALVE WITH
DOWNSTREAM VENT

PRESSURF. REGULATOR
- (SHOWN OPERATING)
| PRESSURE RELIEF VALVE
-OR BACK PRESSURE
REGULATOR

(3ENSING AMBIENT)
WATER SEPARATOR

000

oo PSID PRESSURE
OR RELIEF VALVE

(?ﬁv\d.(SENSING DOWNSTREAM)

MANUAL PRESSURE
RELIEF VALVE

TEMPERATURE CONTROL
VALVE

FAN (WITH SPEED
SENSOR)

BLOWER (WITH SPEED
SENSOR)

@: DEBRIS TRAP

:..\:\ N ' AIR/AIR HEAT

N

N EXCHANGER

CAPPED LINE

— —— ———e == 5U3SYSTEM FUNCTIONAL BOUNDARY

I; DET = IODINE DETECTOR
COp = €O, PARYTIAL PRESSURE
Q = QUANTITY

LLS= LIQUID LEVEL SENSOR
P = DIFFERENTIAL PRESSURL
RH = RELATIVE HUMIDITY

CG = COMBUSTIBLE GAS

FS = FLOW SWITCH

QHL = HIGH/LOW QUANTITY
SWITCH

C
~
3

0, PARTIAL PRESSURE
DP = DEW POINT SENSOR

I, = IODINL GENERATOR

LT = LIQUID TRAP

Nx = SPEED SENSUR

S = SILENCER

W/S = STATIC WATER
SEPARATOK

UAC = UREA AMMONIA CONTROL

LS = LIQUID SENSOR

SORB = SORBENT CANISTER

CM = CONDUCTIVITY MONITOR

BF = BACTERIA I'ILTER

AC = ACTIVATED CHARCOAL

RAU = REMOTF ACQUISITION
UNIT

CAT OX = CATALYTIC OXIDIZER

EDC = ELECTROCHEMICAL

DEPOLARIZED
CONCENTRATOR

HX = HEAT LXCHANGER

pH = pH MONITOR
MF MULTIFILTER
GS GAS SEPRATOR
R + RESTRICTOR

¢ + CARTRIDGE

RH HX = RELATIVE HUMIDITY
HEAT EXCHANGER

SW = SWITCH






